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THE  BIOLOGICAL  THEORY  OF  DISEASE. 

As  long  as  medicine  (used  in  the  generic  sense)  depended 
upon  deductive  methods  for  its  advancement,  it  was  of  a 
necessity  a purely  empirical  art.  All  the  modern  researches 
which  have  proven  of  any  value  in  medicine  have  been  inductive, 
and  medicine  today  begins  to  assume  the  proper  position  among 
the  other  natural  sciences  through  methods  as  exact  and  syn- 
thetical as  those  of  chemistry  or  botany.  While  not  yet  estab- 
lished fairly  as  an  exact  science,  medicine  is  so  far  advanced 
towards  that  goal,  that  a few  more  years  will  probably  suffice  to 
set  it  in  its  proper  niche. 

The  humoral  theory  of  Galen,  and  solidist  theory  of  Hoffman 
and  Cullen  occupied  rival  positions  as  explanations  of  disease 
for  many  acrimonious  years.  The  battles  waged  pro  and  con, 
but  nothing  tangible  was  reached.  The  old  schoolmen’s 
methods  of  disputations  simply  led  in  a circle,  and  until  the 
middle  of  the  present  century  no  abiding  light,  nor  any  tangible 
collection  of  facts,  sufficed  to  produce  a scientific  concept  of 
disease  as  to  its  causes. 

The  first  glimmer  of  the  modern  theory  was  obtained  through 
the  classical  experiments  of  Tyndal  — the  discovery  of  floating 
particles  in  the  air  by  filtering  the  air,  and  thus  depriving  a 
sunbeam  of  light.  Then  the  proof  that  putrefaction  could  be 
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delayed  almost  indefinitely  by  excluding  the  air,  or  by  thorough 
filtering  of  the  air.  Pasteur  carried  the  light  a little  further  by 
his  discovery  that  alcoholic  fermentations  are  due  to  the  agency 
of  a certain  plant  — the  yeast  plant:  also  by  his  discovery  of 

the  bacillus  of  chicken  cholera. 

Lister  founded  on  these  discoveries,  and  certain  others  made 
by  himself  with  reference  to  putrefactive  changes,  the  synthesis 
of  Antisepticism  in  Surgery.  This  theory  was  that  as  the  air 
contained  and  carried  the  elements  of  putrefaction,  and  as  all 
suppuration  is  a form  of  putrefaction,  exclude  the  air,  or  disinfect 
the  air  and  surroundings  of  wounds,  then  these  changes  would 
not  occur.  His  results  were  so  brilliant  that  the  world  imme- 
diately took  up  the  idea  and  practice. 

The  German  schools  soon  outstripped  Lister  and  his  followers. 
The  original  experiments  of  Tyndal  were  recalled,  and  as  abso- 
lute exclusion  of  atmospheric  air  was,  practically,  impossible, 
they  originated  the  filtering  methods  of  surgical  dressings. 
Starting  with  the  surgeons  this  “Germ  Theory”  as  it  is  called, 
threw  such  brilliant  side  lights  upon  all  so-called  specific 
infectious  diseases,  that  numerous  investigators  began  in  the 
laboratory  experiments  and  researches  to  discover  and  isolate  the 
specific  organisms  which  they  thought  must  bring  about  specific 
diseases.  A long  list  of  discoverers  soon  published  startling  and 
most  useful  results.  Koch  isolated  the  bacillus  of  tuberculosis, 
and  the  bacillus  of  cholera;  Klebs  and  Loefler  the  bacillus  of 
diphtheria;  Ebers  the  bacillus  of  typhoid  fever;  Friedlander  the 
diplococcus  of  pneumonia.  Several  observers  about  the  same 
time  confirmed  Ebers’  specific  bacillus  in  typhoid  fever,  and  so 
on.  These  positive  determinations  have  revolutionized  the 
former  pathological  theories.  No  one,  now,  speaks  of  certain 
humors  being  so  modified  that  diseases  result,  nor  that  the  solid- 
tissues  becoming  disorganized,  certain  diseased  conditions  are 
brought  about.  It  is  now,  such  and  such  a bacillus  has  invaded 
an  individual  and  the  result  is  a specific  diseased  condition. 

Biologists  are  not  yet  agreed  as  to  the  classification  of  bacteria. 
That  they  are  plants  is  conceded  by  all  of  the  best  observers; 
but  whether  they  are  algae  or  fungi,  or  whether  some  belong  to 
one  class  and  others  to  the  other,  is  still  a moot  question.  The 
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classification  into  genera  and  species  is  also  not  yet  settled.  The 
morphological  classification  is  perhaps  most  commonly  followed. 
According  to  this  method  two  primary  classes  may  be  made: 
1.  Globular  forms  or  “monads;”  and  2.  Filiform  or  “bacterium” 
proper.  Isolation  or  grouping  produce  every  conceivable  variety 
from  the  two  primary  states. 

Bacteria  vary  very  much  in  size.  Some  are  so  small  as  scarcely 
to  be  perceived  by  the  highest  powers  of  the  best  microscopes, 
while  others  reach  a size  of  2-10  millimeter.  The  globular  are 
the  smallest  — to  this  class  belong  the  micrococci.  The  filiform 
are  the  largest.  To  this  class  belong  the  “bacilli,”  the  “spirillae,” 
etc.  Two  kinds  of  movements  distinguish  bacteria:  ( a ) Molecular, 
or  motion  of  the  corpuscle  on  itself,  and  ( b ) Translation,  by  cilia. 

There  are  three  theories  as  to  the  origin  of  the  bacteria : 
(a)  The  heterogeneous  or  spontaneous  generation,  (b)  Fission, 
that  is  that  they  develop  from  organisms  like  themselves  by 
endogenous  division,  (c)  Evolution,  that  is  that  they  are  devel- 
oped from  organisms  of  a low'er  order. 

Tyndall  and  Pasteur  have  conclusively  disproved  the  first  theory. 

The  second  theory,  while  admittedly  true  as  a law  with  refer- 
ence to  the  multiplication  of  the  species,  has  not  been  proven, 
and  is  difficult  of  conception  as  an  origm  of  species.  While 
hundreds  of  observers  have  repeatedly  noticed  that  their  culture 
liquids  have  swarmed  with  an  hundredfold  increase,  if  a careful 
exclusion  of  any  possibility  of  foreign  admixture  has  been  made, 
no  one  has  been  able  to  demonstrate  a single  change  in  the  genus. 
It  is  as  true  of  bacteria  as  of  every  other  class  of  organisms  that 
“like  produces  like,”  the  conditions  remaining  the  same.  Change 
the  environment,  cultivate  a species  under  different  conditions 
from  that  in  which  it  was  found,  and  it  will  change.  This  is  in 
keeping  with  the  whole  order  of  natural  growth.  This,  however, 
is  the  third  theory,  and  it  is,  doubtless,  the  correct  one. 

Bacteria  multiply  by  (a)  fission,  ( b ) spores,  and  (c)  by  sporangia, 
even.  The  spore  is  the  most  active  condition  of  bacteria,  and  in 
this  state  they  are  chiefly  disseminated. 

The  physiology  of  bacteria  is  very  simple.  They  require 
warmth,  moisture,  sunlight,  nitrogen,  carbon,  and  oxygen.  A 
temperature  of  21 2°  F.  kills  all  bacteria  if  prolonged.  Spores 
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have  been  known  to  resist  boiling  for  quite  a time,  however.  A 
temperature  of  176°  F.  arrests  their  growth,  but  does  not  kill. 
Cold  has  much  less  effect  than  heat.  Freezing  serves  only  to 
arrest  their  activity.  A restoration  of  warmth  brings  about 
renewed  activity  and  rapid  growth.  Bacteria  are  found  actively 
present  in  all  vegetable  and  animal  fermentation  and  putrefaction. 
Their  specific  role  in  these  processes  is,  however,  not  yet  deter- 
mined. Bacteria  are  found  in  the  air,  earth,  and  water.  We 
breathe  them,  we  drink  them,  and  we  eat  them.  As  they  are  so 
omnipresent  one  would  seem  to  be  in  constant  danger  of  infec- 
tion and  disease.  The  study  of  the  life  history  of  micro-organ- 
isms and  laboratory  researches,  have  demonstrated  beyond  a 
doubt  that  w'hile  probably  every  acute  disease  is  due  to  an  inva- 
sion of  a certain  specific  organism,  there  are  certain  contra-forces 
at  w'ork  within  every  animal  organism  w'hich  resist  and  nullify 
the  evil  effect  of  hurtful  bacteria,  and  it  is  only  when  the  proper 
resistance  of  living  tissue  is  diminished  or  disorganized  that  in- 
jurious lodgment  of  these  little  plants  can  take  place. 

There  are  twro  factors  in  infection,  therefore.  First,  the  specific 
microbe  must  have  found  a lodgment  in  the  system,  and,  secondly, 
the  normal  animal  cells  (white  corpuscles,  lymph  cells,  serum,  and 
perhaps  connective  tissue  cells)  must  be  overcome  by  ( a ) some 
lessened  resistance  on  their  part,  such  as  by  previous  disease  or 
by  lack  of  proper  food  and  air ; ( b ) by  an  overpowering  virulence 
of  invasion — that  is,  a lodgment  of  so  many  of  the  infectious 
micro-organisms  in  their  most  active  state  (spores)  that  the 
resistance  of  the  cells  is  overcome. 

This  explains  why,  as  a rule,  an  epidemic  is  characterized  by  a 
tide-like  rise,  flood,  and  ebb.  In  the  beginning  the  condition  of 
the  people  is  normal,  and  the  micro-organisms  are  present  in 
numbers  only  sufficient  to  overcome  a few  persons,  and  in  local- 
ities favoring  their  development,  where  filth  and  crowding 
abounds ; later  the  stress  of  nursing  and  care  for  the  sick,  and 
the  accumulation  of  the  microbes,  the  one  reduces  the  stamina 
of  the  community,  the  other  increases  the  invading  forces,  so  to 
speak.  Victims  therefore  multiply.  These  micro-organisms  are 
short  lived.  If  by  help  from  outside,  and  a general  awakening 
to  the  necessity  of  isolation,  the  locality'  is  made  clean,  and  the 
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infected  people  and  houses  be  effectually  quarantined,  the  un- 
affected persons  are  able  to  take  care  of  their  health,  and  the 
microbes  die  out  for  lack  of  proper  media  in  which  to  further 
multiply.  The  question  of  carrying  infection  is  now  pretty  well 
understood.  Each  of  the  specific  diseases  has  a special  pre- 
dilection for  a certain  organ  or  tract  of  the  body.  For  instance, 
diphtheria  selects  chiefly  the  upper  air  passages  and  fauces  (nose 
and  throat),  typhoid  fever  the  small  intestines,  dysentery  the  large 
intestines,  tuberculosis  the  lungs,  the  eruptive  fevers  the  skin, 
and  so  on.  While  the  microbes  are  soon  pretty  well  distributed 
over  the  whole  body  by  the  circulation,  their  number  is  com- 
paratively small  and  they  are  far  less  virulent  than  at  the  places 
of  election — usually  where  the  disease  first  makes  a characteristic 
manifestation  of  itself.  Any  secretion  or  excretion  from  these 
affected  areas  contain  millions  of  micrococci  or  bacilli.  These 
excretions  are  ejected,  and  are  apt  to  soil  the  clothing  of  attend- 
ants, the  bedding,  walls  and  carpet  of  the  room.  In  a short 
time  they  become  dry,  and  may  be  taken  up  by  the  air  and 
carried  outside  and  infect  the  surroundings.  Or  the  excretions 
may  be  deposited  in  drains  and  sewer  pipes,  and  so  be  carried  to 
some  common  water  supply.  Some  microbes  multiply  in  the 
air,  others  thrive  in  water.  Unless  dessicated  by  a high  degree 
of  heat  the  aerobic  microbes  may  preserve  life  and  activity  for  a 
long  period,  the  anaerobic  which  are  deposited  in  water  may  live 
indefinitely.  Freezing  will  not  kill  them.  Hence  the  propaga- 
tion of  typhoid  fever  by  infected  ice  supplies,  and  the  infection 
of  water  courses  by  melting  snows. 

Infective  micro-organisms  may  be  carried  and  disseminated, 
then,  by  the  air,  in  water,  by  clothing  and  fabrics  belonging  to 
the  furnishing  of  a house,  by  the  soiled  skin,  hair,  and  nails  of 
attendants,  by  domestic  animals,  and,  in  a few  instances,  by  the 
soil. 

However  obtained,  the  two  conditions  for  their  development 
must  be  present  in  order  that  disease  shall  result — viz.,  (1)  they 
must  be  received  in  an  active  state,  and  (2)  they  must  find  a 
favorable  condition  in  the  host  for  their  development. 

Very  interesting  phenomena  take  place  when  a lodgment  is 
effected  anywhere  in  the  system.  There  are  certain  cells  in  the 


156  The  Biological  Theory  of  Disease. 

body  the  type  of  which  are  white  blood  corpuscles  and  large 
lymphoid  cells,  which  are  amoeboid  in  motion  and  function. 
These  are  the  protectors  and  scavengers  of  the  animal  system. 
As  soon  as  infection  takes  place,  the  point  is  immediately  sur- 
rounded by  multitudes  of  these  cells,  and  they  immediately  set 
about  enveloping  the  invading  micro-organisms  or  foreign  sub- 
stance : each  cell  appropriates  as  many  as  it  can  encompass  in 
itself,  just  as  an  amceba  gradually  takes  in  infusoria,  by  pushing 
itself  against  them  and  gradually  surrounding,  and  finally 
taking  them  within  the  cell.  Once  within  the  cell  they  are 
digested  and  destroyed.  This  process  is  called  “ phagocytosis,” 
an  eating  up  of  the  micro-organism  by  the  amoeboid  cells.  It  is 
now  known  that  all  living  animal  cells  have  this  quality,  but  in- 
asmuch as  the  white  blood  corpuscles  and  lymph  cells  are 
migratory  they  act  as  the  standing  army  for  the  system,  and  are 
ready  and  prompt  to  meet  an  invading  enemy  at  whatever  con- 
fine or  boundary  he  may  make  his  appearance,  and,  cannibals  as 
they  are,  proceed  at  once  to  devour  the  invaders. 

If,  however,  through  stress  of  numbers  the  invading  hosts  of 
micrococci  or  bacilli  are  too  many  for  the  cells,  or  if  through 
stress  of  ill  health,  caused  by  poor  food,  poor  air,  etc.,  or  previous 
illness,  the  power  and  number  of  the  cells  be  diminished,  the 
micro-organisms  begin  to  multiply  at  the  expense  of  the  cells, 
the  cells  are  killed  and  disintegrated,  and  the  micro-organisms 
feed  on  them.  Just  as  in  saccharine  fermentations  certain  bye- 
products  are  produced,  so  in  the  tissue  disintegrations  certain 
nitrogenous  products  are  produced.  These  products  are  called 
ptomaines,  leucomaines,  tox-albumins,  etc.  They  become  soluble, 
are  taken  up  by  the  blood  current,  and  are  carried  throughout 
the  system.  They  are  usually  active  poisons,  having  some  of 
them  a similarity  in  chemical  reaction  and  toxic  effect  very  much 
like  some  of  the  well-known  alkaloids.  It  is  these  nitrogenous 
poisons,  produced  by  the  action  of  the  micro-organism,  that  pro- 
duce the  diseased  conditions,  not  the  micro-organisms  themselves. 

The  continuance  of  the  disease  and  severity  of  the  attack 
depend  entirely  upon  the  power  of  the  protecting  cells,  and  the 
condition  of  the  host  as  to  furnishing  a favorable  medium  for 
multiplication.  Individual  micro-organisms  are  short  lived,  the 
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disease  must  cease  as  soon  as  the  further  development  of  the 
plants  is  prevented.  If  therefore  the  system  is  not  so  saturated 
with  the  poisonous  tox-albumins  that  cell  activity  may  again  reach 
a status  sufficient  to  overcome  the  invading  organisms,  as  soon 
as  the  first  “crop”  of  the  invaders  is  finished,  the  cells  again 
obtain  the  ascendency,  and  the  illness  ceases  by  a gradual  elimi- 
nation of  the  poisons  through  the  normal  channels  of  excretion. 

Modern  treatment  of  disease  therefore  should  aim  at  thorough 
disinfection  (which  means  the  employment  of  measures  to  kill  or 
prevent  the  development  of  the  bacteria)  at  the  very  beginning  of 
a disease,  at  the  point  of  lodgment  or  selection,  and  thus  attempt 
to  counteract  and  hasten  the  elimination  of  the  nitrogenous 
poisons.  If  it  is  impossible  as  it  commonly  is,  to  reach  the  point 
of  election  in  time,  or  at  all,  the  chief  factor  in  the  management 
of  disease  is  to  so  nourish  and  nurse  the  patient  that  the  tissues 
shall  regain  their  tone,  and  preserve  the  activity  of  the  cells  until 
the  micro-organisms  shall  find  no  further  appropriable  food,  and 
so  cease  multiplying ; then  the  cells  will  begin  their  work  of  exter- 
mination and  soon  free  the  system  of  the  infection. 

The  rationale  of  protective  vaccinations  and  inoculations  is 
explained  by  the  fact  of  the  modifications  the  tox-albumins  under- 
go in  one  passage  through  an  animal  body,  or  through  a culture 
liquid.  The  specific  bacteria  remain  the  same,  they  are  but  attenu- 
ated by  the  spore  becoming  developed  into  a full  grown  myce- 
lium or  coccus,  in  which  state  it  is  much  less  active  in  growth,  and 
the  production  of  tissue  disorganization.  The  chief  difference  is, 
however,  in  the  constitution  of  the  poisonous  alkaloid  or  albumin. 
This  by  culture  is  chemically  re-arranged,  so  that  while  it  may 
possess  similar  elements,  the  graphic  formula  is  quite  different,  and 
in  this  state  it  may  enter  the  system  and  produce  only  a mild 
degree  of  “ reaction.  ” Another  point  which  has  not  yet  been  em- 
phasized is  that  since,  in  vaccinating  and  inoculating,  the  specific 
“virus  ” is  usually  introduced  into  the  system  in  an  entirely  differ- 
ent manner  and  avenue  from  its  course  of  election — that  is  when 
the  disease  is  acquired  after  the  usual  manner — it  is  not  able  to 
propagate  as  rapidly  and  vigorously  as  when  it  enters  and  seeks 
its  own  locale : the  result  is  an  easy  victory  for  the  amoeboid  cells. 
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The  question  of  immunity  is  difficult  to  answer  at  the  present 
stage  of  investigation.  It  is  believed  that  just  as  certain  soils  will 
retain,  nourish  and  cause  to  grow  seeds  which  another  soil  will 
totally  reject,  so  certain  human  beings  exhibit  wonderful  powers 
of  resistance  against  specific  diseases  because  they  do  not  furnish 
suitable  media  for  the  development  of  the  micro-organisms.  It  is 
also  supposed  that  the  value  of  protective  inoculation  is  the 
bringing  about  this  condition  of  intolerance  for  specific  germs 
through  a chemical  sterilization  which  the  inoculation  obtains  in 
the  cells  and  fluids  of  the  body.  W.  L.  Estes. 
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1.  Asa  Packer,  Founder  of  The  Lehigh  University. 

2.  Packer  Hall  and  the  Library:  South-west  view,  and  two 

south-east  views. 

3.  Packer  Memorial  Church,  exterior  and  interior.  Gymna- 

sium, exterior  and  interior. 

4.  Library:  Two  interior  views,  doorway,  and  rear  view. 

5.  Christmas  Hall,  Saucon  Hall,  the  University  Park,  and 

Athletic  Grounds. 

6.  New  Physical  Laboratory:  Elevation,  longitudinal  section, 

and  floor  plans. 

7.  New  Physical  Laboratory:  Cross-section  and  floor  plans, 

front  view  from  architect’s  sketch,  and  rear  view  taken 
March  20,  1893. 

8.  Physical  Laboratories  in  Saucon  and  Christmas  Halls : Lec- 

ture room,  dynamo  room,  mechanics  and  heat,  mag- 
netism and  electricity. 

9.  The  Sayre  Observatory:  Exterior  and  two  interior  views. 

Physical  apparatus  made  by  students. 

10.  Hydraulic  Laboratory:  Cement  room,  and  turbine  and 

hydraulic  ram.  Packer  Hall:  Mechanical  engineering 
drawing  room,  and  mechanical  engineering  Senior  draw- 
ing room. 

11.  The  President  and  Professors,  1893. 

12.  Chemical  and  Metallurgical  Laboratory:  Floor  plans. 

13.  Chemical  Laboratory  Fixtures. 

14.  Chemical  Laboratory:  Sectional  plans  and  chemical  mu- 

seum. 

15.  Packer  Hall:  Civil  engineering  drawing  room,  civil  engin- 

eering lecture  room  and  surveying  instruments,  civil 
engineering  Senior  drawing  room,  and  Museum  of 
Geology  and  Ornithology. 
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1 6.  Mineralogical  Museum,  Mineralogical  Laboratory,  Blow- 

pipe Analysis  Room,  and  Metallurgical  Laboratory. 

17.  Chemical  and  Metallurgical  Laboratory:  Front  view,  angle 

view,  rear  view,  and  still  for  water. 

18.  Chemical  Laboratory : Quantitative  and  qualitative  rooms. 

19.  Chemical  Laboratory:  Lecture  room,  laboratory  for  or- 

ganic chemistry',  assaying  laboratory,  laboratory  for 
industrial  chemistry. 

20.  Chemical  Laboratory':  Gas  works,  sugar  refinery,  calico 

printing  machine,  acohol  still. 


STATISTICS,  CHARTS,  AND  MAPS. 

31.  List  of  Alumni  of  the  Lehigh  University,  1869-1892. 

32.  List  of  officers  and  students  for  the  collegiate  year  1892-93. 

33.  Comparison  of  rosters  of  recitations,  1870  and  1893  (106 

recitations  per  week  in  1870,  and  356  in  1893). 

35.  Map  of  Bethlehem,  South  Bethlehem,  and  West  Bethlehem, 

showing  location  of  the  University  with  respect  to  in- 
dustrial establishments.  Prepared  by  R.  M.  Wilcox, 
Instructor  in  Civil  Engineering. 

36.  Comparison  of  Classes,  ’69  to  ’96  inclusive,  showing  the 

number  of  Freshmen,  Sophomores,  Juniors,  Seniors,  and 
Graduates  in  each.  Prepared  by  John  S.  Siebert,  In- 
structor in  Civil  Engineering. 

37.  Map  of  portions  of  New  York,  New  Jersey,  and  Pennsyl- 

vania, showing  places  and  objects  visited  by  students  in 
tours  of  inspection.  Prepared  by  Edward  H.  Williams, 
Jr.,  Professor  of  Mining  Engineering  and  Geology. 

38.  Topographical  Map  of  Lehigh  University  Park,  showing 

dates  of  erection  of  buildings.  Prepared  by  John  P. 
Brooks,  Instructor  in  Civil  Engineering. 

39.  Chart  showing  the  growth  of  numbers  of  students,  1866  to 

1893.  Prepared  by  John  S.  Siebert,  Instructor  in  Civil 
Engineering. 

40.  Programs  of  Study  in  the  School  of  General  Literature, 

comprising  the  Classical  Course,  Latin  Scientific  Course, 
and  Course  in  Science  and  Letters. 
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41.  Chart  showing  the  numbers  of  students  in  the  different 

courses  during  eleven  years,  1882  to  1892.  Prepared 
by  John  P.  Brooks,  Instructor  in  Civil  Engineering. 

42.  Programs  of  study  in  the  School  of  Technology,  comprising 

the  Courses  in  Civil  Engineering,  Mechanical  Engineer- 
ing, Mining  Engineering,  Physics  and  Electrical  Engi- 
neering, Analytical  Chemistry,  and  Architecture. 

EXAMINATION  QUESTIONS. 

45.  Scrap  Book  containing  copies  of  the  questions  given  in  the 
entrance  examinations  and  in  the  examinations  of  classes 
during  the  year  1892. 

46-48.  Examination  questions  of  the  second  term,  January  to 
June,  1893,  with  the  best  two  answers  by  students  in 
each  subject. 

PUBLICATIONS  OF  THE  UNIVERSITY. 

52.  Register  of  the  Lehigh  University,  1868-1875.  One  vol- 

ume, 8vo. 

53.  Registers  of  the  Lehigh  University,  1876-1887.  One  vol., 

i2mo. 

54.  Registers  of  The  Lehigh  University,  1887-1893.  One  vol., 

1 2mo. 

55.  Historical  Discourse  by  Rt.  Rev.  Wm.  Bacon  Stevens, 

June  24,  1869.  Exercises  and  memorial  addresses  at  the 
Celebration  of  Founder’s  Day,  1889-1892.  One  vol.,  8vo. 

56.  University  Sermons,  1879-1891.  One  vol.,  8vo. 

PUBLICATIONS  OF  THE  ALUMNI  ASSOCIATION. 

57.  Proceedings  and  Reports  of  the  Alumni  Association,  and 

addresses.  1877-1892.  One  volume,  8vo. 

BOOKS  EDITED  AND  WRITTEN  BY  PROFESSORS,  INSTRUCTORS,  AND 

ALUMNI. 

59-65.  Charles  F.  Chandler,  Ph.D.,  and  William  H.  Chandler, 
Ph.D.,  Professor  of  Chemistry.  The  American  Chemist, 
Vols.  I-VII,  1870-1877,  4to. 


162 


Exhibit  of  The  Lehigh  University 


66.  Henry  Coppee,  LL.D.,  Professor  of  English  Literature, 

International  and  Constitutional  Law,  and  the  Philosophy 
of  History.  Elements  of  Logic.  Revised  edition. 
Philadelphia,  E.  H.  Butler  & Co.,  i2mo.,  pp.  223. 

67.  Elements  of  Rhetoric.  Tenth  edition, 

revised,  Philadelphia,  E.  H.  Butler  & Co.,  12  mo.,pp.  384. 

68.  English  Literature  considered  as  an  inter- 

preter of  English  History.  Ninth  edition.  Philadelphia, 
Edward  Meeks,  i2mo.,  pp.  488. 

69-70. History  of  the  Conquest  of  Spain  by  the 

Arab-Moors.  Second  edition.  Boston,  Little,  Brown  & 
Co.,  1892.  Two  volumes,  8vo.,  pp.  455,  and  pp.  496. 

71-76. The  Classic  and  the  Beautiful  from  the 

Literature  of  Three  Thousand  Years.  Philadelphia, 
Carson  and  Simpson,  1891.  Six  volumes,  4to. 

77.  C.  L.  Doolittle,  C.  E.,  Professor  of  Mathematics  and 

Astronomy.  A Treatise  on  Practical  Astronomy,  as 
applied  to  Geodesy  and  Navigation.  Third  and  revised 
edition.  New  York,  John  Wiley  & Sons,  1890,  8vo., 
pp.  642. 

78.  Henry  Clark  Johnson,  A.  M.,  L.LB.,  Professor  of  Latin 

(1881-1889).  The  Satires  of  Aulus  Persius  Flaceus. 
Edited  with  English  notes  principally  from  Connington. 
New  York  and  Chicago,  A.  S.  Barnes  & Co.,  1884. 
8vo.,  pp.  103. 

79.  The  Agricola  and  Germania  of  Cornelius 

Tacitus  with  explanatory  notes  and  maps.  New  York 
and  Chicago,  A.  S.  Barnes  & Co.,  1885.  8vo.,  pp.  77. 

80.  The  First  Three  Books  of  Homer’s  Iliad 

with  Lexicon.  Second  edition,  revised  and  rewritten. 
New  York,  D.  Appleton  & Co.,  1890.  8vo.,  215. 

81.  J.  F.  Klein,  D.  E.,  Professor  of  Mechanical  Engineering. 

Treatise  on  Valve  Gears  with  special  consideration  of  the 
Link  Motions  of  Locomotive  Engines  by  Dr.  Gustav 
Zenner.  Translated  from  the  fourth  German  edition. 
London  and  New  York,  E.  & F.  N.  Spon,  1884.  8 vo., 

pp.  251. 
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82.  — Mechanical  Technology  of  Machine  Con- 

struction. Bethlehem,  Pa.,  The  Comenius  Press,  1889. 

83-84. Mechanics  of  Engineering  and  of  Ma- 

chinery by  Dr.  Julius  Weisbach.  Vol.  Ill,  Part  I, 
Sections  I and  II;  the  Mechanics  of  the  Machinery  of 
Transmission;  second  edition,  revised  and  enlarged  by 
Gustav  Hermann.  Authorized  translation.  New  York, 
John  Wiley  & Sons,  section  I,  second  edition,  1888,  8 vo., 
pp.  544.  Section  II,  1890,  8vo.,  pp.  540. 

85.  Elements  of  Machine  Design.  Notes  and 

plates  for  the  use  of  students  in  Lehigh  University. 
Second  and  revised  edition.  Bethlehem,  Pa.,  The  Come- 
nius Press,  1892.  8vo.,  pp.  212. 

86.  Design  of  a High  Speed  Steam  Engine. 

Notes,  Diagrams,  Formulas  and  Tables.  Part  I.  Bethle- 
hem, Pa.,  The  Comenius  Press,  1892.  8vo.,  pp.  215. 

87.  Arthur  E.  Meaker,  C.  E.,  Instructor  in  Mathematics.  Ele- 

ments of  Algebra  for  High  and  Preparatory  Schools, 
Academies,  and  Seminaries.  Bethlehem,  Pa.,  Edwin  G. 
Klose,  Manager,  1890.  8vo.,  pp.  253. 

88.  Mansfield  Merriman,  C.  E.,  Ph.  D.,  Professor  of  Civil  En- 

gineering. The  Figure  of  the  Earth,  an  Introduction  of 
Geodesy.  New  York,  John  Wiley  & Sons,  1881,  i2mo., 

pp.  88. 

89-90. A Text  Book  on  the  Method  of  Least 

Squares.  London,  Macmillan  & Co.,  1885.  8vo.,  pp. 

193.  Sixth  Edition,  New  York,  John  Wiley  & Sons, 
1892,  8vo.,  pp.  198. 

91-92. A Text  Book  on  the  Mechanics  of 

Materials  and  of  Beams,  Columns,  and  Shafts.  New 
York,  John  Wiley  & Sons,  1885,  8vo.,  pp.  152.  Fourth 
edition,  1892,  pp.  198. 

93. A Text  Book  on  Roofs  and  Bridges. 

Part  I,  Stresses  in  Simple  Trusses.  Second  edition, 
New  York,  John  Wiley  & Sons,  1890.  8vo.,  pp.  124, 

interleaved. 
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94. (and  Henry  S.  Jacoby,  C.  E.,  Instructor  in 

Civil  Engineering.)  A Text  Book  on  Roofs  and  Bridges. 
Part  II,  Graphic  Statics,  New  York,  John  Wiley  & Sons, 
1890.  8vo.,  pp.  124,  interleaved. 

95- An  introduction  to  Geodetic  Surveying. 

New  York,  John  Wiley  & Sons,  1892.  8vo.,  pp.  170. 

96.  A Treatise  on  Hydraulics.  Fourth  and 

revised  edition.  New  York,  John  Wiley  & Sons,  1892. 
8vo.,  pp.  384. 

97.  A Text  Book  on  Retaining  Walls  and  Ma- 

sonry Dams.  New  York,  John  Wiley  & Sons,  1892. 
8vo.,  pp.  122. 

98.  Joseph  W.  Richards,  M.A.,  A.C.,  Instructor  in  Metallurgy. 

Aluminium,  Its  History,  Occurrence,  Properties,  Metal- 
lurgy, and  Applications,  including  its  Alloys.  Second 
edition,  revised  and  enlarged.  Philadelphia,  Henry 
Carey  Baird  & Co.,  1890.  8vo.,  pp.  511. 

99.  James  E.  Talmage,  A.C.,  D.S.D.,  Ph.D.  Domestic  Science. 

Second  and  revised  edition.  George  Q.  Cannon  & Sons 
Co.,  Salt  Lake  City,  1892.  i2mo.,  pp.  309. 

100.  First  Book  of  Nature.  Second  and  re- 

vised edition.  Geo.  Q.  Cannon  & Sons  Co.,  Salt  Lake 
City,  1892.  i2mo.,  pp.  306. 

ARTICLES  AND  PAMPHLETS  WRITTEN  BY  PROFESSORS,  INSTRUCTORS, 

AND  ALUMNI. 

101 . M.  Rothberg  and  W.  A.  Auchinvole.  Notes  on  the  Deter- 

mination of  Phosphorus  by  Neutralization  of  the  “ Yel- 
low Precipitate.”  Reprinted  from  the  Journal  of  Analyt- 
ical and  Applied  Chemistry , Vol.  VI,  No.  5,  May,  1892. 

102.  B.  W.  Frazier,  A.M.,  Professor  of  Mineralogy  and  Metal- 

lurgy. Two  Pamphlets.  (1)  On  Chimney  Draught, 
1882,  8vo.,  pp.  13.  (2)  On  Crystals  of  Axinite  from  a 

Locality  near  Bethlehem,  Pa. 

103.  J.  S.  Hileman,  M.D.  Antisepsis  and  Asepsis  in  Midwifery. 

Reprinted  from  the  Lehigh  Valley  Medical  Magazine, 
Vol.  II,  No.  3.  8vo.,  pp.  16. 
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104.  Henry  S.  Jacoby,  C.E.  Notes  and  Problems  in  Descrip- 

tive Geometry.  Ithaca,  N.  Y.,  Andrus  & Church,  1892. 
8vo.,  pp.  31. 

105.  James  P.  Kimball,  Ph.D.  Iron  Ores  of  the  Juragua  Hills 

near  Santiago  de  Cuba.  A geological  report  to  the 
Juragua  Iron  Co.,  Limited.  1884,  8vo.,  pp.  45. 

106.  Eight  pamphlets.  (1)  Coal  Measures  of 

Beccaria,  Pa.,  1875,  8vo.,  pp.  21.  (2)  Occurrence  of 

Grahamite  in  Mexico,  1876.  (3)  Relations  of  Sulphur 

in  Coal  and  Coke,  1879.  (4)  Oxidation  or  Weathering 

of  Coal,  1879.  (5)  A Flux  for  Rolling  Mill  Cinder  and 

Silicious  Iron  Ores.  (6)  Self-Fluxing  Properties  of 
Chateaugay  Magnetite.  (7)  Differential  Sampling  of  Bi- 
tuminous Coal  Seams,  1883.  (8)  Iron  Ores  of  the 

Juragua  Hills,  1884. 

107.  J.  F.  Klein,  D.E.,  Professor  of  Mechanical  Engineering. 

Three  pamphlets.  (1)  The  Law  of  Proportional  Resist- 
ances, 1889,  8vo.,  pp.  20.  (2)  New  Constructions  of  the 

Force  of  Inertia  of  Connecting  Rods  and  Couplers,  1891, 
8vo.,  pp.  28.  (3)  Inertia  Resistances  and  Pin  Pressures 

of  a Connecting  Rod,  1893,  pp.  12. 

108.  Mansfield  Merriman,  C.E.,  Ph.D.,  Professor  of  Civil  Engin- 

eering. Key  to  Text-Book  on  Mechanics  of  Material. 
New  York,  John  Wiley  & Sons,  1886,  8vo.,  pp.  16. 

109-110. Seven  pamphlets.  (1)  Shape  and 

Size  of  the  Earth,  1880.  (2)  Graphic  Solution  of  Cubic 

Equations,  1883.  (3)  Progress  of  Geodetic  Triangula- 
tion of  Pennsylvania,  1886.  (4)  Problem  in  Least 

Squares,  1890.  (5)  Final  Formulas  for  the  Algebraic 

Solution  of  Quartic  Plquations,  1892.  (6)  The  Strength 

and  Weathering  Qualities  of  Roofing  Slates,  1892.  (7) 

Deduction  of  Formulas  for  Quartic  Equations,  1892. 

111.  Arthur  E.  Meaker,  C.E.,  Instructor  in  Mathematics.  Meaker’s 

Elements  of  Algebra,  Answers.  8vo.,  pp.  50. 

1 1 2.  D.  McFarlan  Moore.  Two  articles  in  the  Electrical  En- 

gineer. (1)  The  Moore  Trolley  and  Automatic  Device 
for  Conduit  Railway  Work,  1891.  (2)  The  Moore  Re- 
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gulating  Lamp  Socket  for  Alternating  and  Continuous 
Current,  1893. 

1 14.  Albert  G.  Rau,  B.S.  The  Lormation  of  Modern  Europe. 

Bethlehem,  Pa.,  The  Comenius  Press,  1880,  8vo.,  pp.  117. 

1 15.  Conrad  Reno.  State  Regulation  of  Wages.  Boston,  B. 

Wilkens  & Co.,  1891.  8vo.,  pp.  39. 

1 16-120. Pour  articles  in  American  Law  Review. 

(1)  Judgments  by  Default  against  Non-Residents  Con- 
sidered Constitutionally,  1888.  (2)  Impairment  of  Con- 
tracts by  Change  of  Judicial  Opinion,  1889.  (3)  Extra- 

Territorial  Effect  of  Limitation  Bar,  Considered  Consti- 
tutionally, 1890.  (4)  Arbitration  and  the  Wage  Con- 

tract, 1 892.  (5)  The  Wage  Contract  and  Personal  Liberty, 
Popular  Science  Monthly , 1892. 

1 2 1 . J.  W.  Richards,  A.C.,  Instructor  in  Metallurgy.  Five  pam- 

phlets. (1)  Electro  Metallurgy.  (2)  The  Aluminium 
Problem,  1891.  (3)  Aluminium,  the  Metal  of  the  Future, 

1892.  (4)  The  Specific  Heat  of  Aluminium,  1892.  (5) 

The  Heat  of  Formation  of  Fluorides,  1892. 

122.  H.  H.  Stoek,  E.M.,  Instructor  in  Mining  and  Metallurgy. 

Notes  on  the  Iron  Ores  of  Danville,  Pa.,  with  a descrip- 
tion of  the  long  wall  method  of  mining  used  in  working 
them.  A paper  read  before  the  American  Institute  of 
Mining  Engineers,  1891,  8vo.,  pp.  17. 

123.  William  P.  Taylor.  Eternally  Wed.  Philadelphia,  Mc- 

Calla  & Co.,  8vo.,  pp.  80. 

130.  William  Griffith.  Tabular  estimate  showing  the  approxi- 

mate past  and  future  production  of  coal  in  the  several 
districts  of  the  northern  Anthracite  Coal  Basin  of  Penn- 
vania. 

13 1.  J.  F.  Klein,  D.E.,  Professor  of  Mechanical  Engineering. 

Gear  Tables  for  Laying  out  Accurate  Tooth  Profiles. 
Edwin  G.  Klose,  Manager,  Bethlehem,  Pa. 

132.  J.  H.  Wells,  C.E.,  and  H.  W.  Rowley,  M.E.  Map  of  Beth- 

lehem, West  Bethlehem,  and  South  Bethlehem.  Edwin 
G.  Klose,  Manager,  Bethlehem,  Pa.,  1886. 
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EXHIBITS  BY  EDMUND  M.  HYDE,  PH.D.,  PROFESSOR  OF  LATIN. 

1 5 1.  A History  of  Lehigh  University  (manuscript.)  Prepared 

for  publication  in  the  Bulletin  of  the  U.  S.  Bureau  of 
Education. 

152.  Description  of  Illustrative  Apparatus  for  the  Teaching  of 

Ancient  Languages  and  History. 

CLASSICAL  COURSE  : GRADUATING  THESES  OF  STUDENTS. 

1 54.  The  Development  of  the  Greek  Drama.  By  M.  A.  De- 

Wolfe  Howe,  Jr , 1886. 

155.  Early  English  Parliament.  Thesis  for  degree  of  M.A.,  by 

John  D.  Hoffman,  1889. 

156.  The  Life,  Times,  and  Writings  of  Menander.  By  S.  E. 

Berger,  1889. 

157.  The  Greek  Religion.  By  Ira  A.  Shimer,  1891. 

158.  The  Development  and  Progress  of  Nineteenth  Century 

Poetry.  By  F.  C.  Lauderburn,  1891. 

159.  The  Early  English  Novel.  By  W.  N.  R Ashmead,  1892. 

MECHANICAL  ENGINEERING:  GRADUATING  THESES  OF  STUDENTS. 

163.  An  Experimental  Investigation  of  the  Radiation  of  Heat 

from  Locomotive  Boilers.  By  A.  E.  Bruegel,  1888. 

164.  Design  for  a Household  Ice  Machine  and  Refrigerator.  By 

John  Lockett,  1889. 

165.  Original  Hydraulic  Device  for  Controlling  Side  Rolls  of 

Tire  Mill.  By  W.  A.  Stevenson,  1890. 

176.  Design  of  Planing  Attachment  for  12-inch  Lathe.  By  R. 
Paul  Stout,  1891. 

167.  Efficiency  of  a One-ton  Triplex  Spur  Gear  Block.  By 

Alfred  E.  Lister,  1892. 

168.  Plans  for  and  Estimate  of  Cost  of  Fitting  up  a Forty- 

Barrel  Flouring  Mill.  By  C.  O.  Wood,  1892. 

ELECTRICAL  ENGINEERING:  GRADUATING  THESES  OF  STUDENTS. 

173.  A Series  of  Tests  of  a Thomson-Houston  Dynamo.  By 
P.  D.  Honeyman,  1891. 
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174.  An  Investigation  of  the  Westinghouse  Alternating  Incan- 

descent System.  By  G.  E.  Wendle,  1891. 

175.  An  Experimental  Study  of  the  Working  Conditions  of  the 

Electric  Railway  Motor.  By  W.  W.  Blunt,  1892. 

176.  Loss  of  Energy  in  the  Transformer  by  Hysteresis.  By  J. 

T.  Loomis,  1892. 

177.  The  Opened  Magnetic  Circuit  Transformer;  a general  dis- 

cussion, and  also  a test  of  a 10-light  Transformer.  By 
S.  A.  Rhodes,  1892. 

178.  A Test  of  the  Cars  of  the  Savannah  Street  Railroad  Com- 

pany, with  a view  to  determining  the  power  absorbed 
by  different  styles  of  motors.  By  M.  N.  Usina,  1892. 

exhibits  by  the  students. 

1 81.  Journal  of  the  Engineering  Society  of  The  Lehigh  University. 

Vols.  I-V,  1885-1890.  One  volume,  8vo. 

182-184.  The  Lehigh  Quarterly,  Vol.  I,  1891,  Vol.  II,  1892, 
Vol.  Ill,  No.  I,  February,  1893. 

185.  The  Epitome,  published  by  the  Class  of  ’92.  4to,  pp.  274. 

187.  Students'  Hand  Book.  Number  One.  Published  by  the 

Lehigh  University  Christian  Association.  i8mo.,  pp.  44. 

188.  Students'  Hand  Book.  Number  Two.  Published  by  the 

Lehigh  University  Christian  Association,  i8mo.,  pp.  48. 

189.  The  Lehigh  Burr,  published  every  ten  days  by  students  of 

The  Lehigh  University.  Vol.  XI,  1891-1892.  4to. 

190.  An  Aid  of  the  Game  of  Lacrosse.  By  J.  R.  Flannery, 

A.  K.  Reese,  S.  M.  Cone,  T.  H.  Symington.  Published 
by  the  Lacrosse  Association,  1891.  12010.,  pp.  24. 

191.  Intercollegiate  Championship  Lacrosse  Banner.  Won  by 

Lehigh  University  Lacrosse  Team,  1890. 

192.  Three  Interior  Views  of  Packer  Memorial  Church.  Photo- 

graphed by  William  P.  Marr,  Class  of  ’93. 

193.  Photograph  of  the  Senior  Class,  April,  1893. 

194.  Photograph  of  Lacrosse  Team,  1892. 

195.  Photograph  of  Base-Ball  Nine,  1892. 

196.  Photograph  of  Foot-Ball  Team,  1892. 


at  the  World’s  Columbian  Exposition.  169 

197.  Photograph  of  Musical  Organizations  starting  on  a trip, 

February  17,  1893. 

198.  Photograph  of  the  Banjo  Club,  1893. 

199.  Photograph  of  the  Orchestra,  1893. 

200.  Photograph  of  the  Glee  Club,  1893. 

civil  engineering:  framed  drawings  of  students. 

201.  Design  of  a Lattice  Girder  Bridge.  Senior  year,  second 

term.  By  F.  C.  Warman,  February,  1893. 

202.  Colored  Map  of  Railroad  Survey.  Junior  year,  second 

term.  By  Chas.  D.  Marshall,  May,  1887. 

203.  Design  of  a Pratt  Truss  Pin-Connected  Bridge.  Senior 

year,  second  term.  By  C.  L.  McKenzie,  March,  1893. 

204.  Twenty  Plates  in  Freehand  Drawing  and  Lettering. 

Freshman  year,  first  term.  By  F.  Bayard  and  D.  W. 
Wilson,  Nov.-Dee.,  1892. 

205.  Colored  Topographical  Map.  Sophomore  year,  second 

term.  By  G.  E.  Greene,  March,  1888. 

206.  Blue  Print  of  Topographical  Map  of  Lehigh  University 

Park.  Junior  year,  first  term.  By  class  of  ’92,  Sept.- 
Oct.,  1890. 

207.  Graphical  Analysis  of  a Crescent  Roof  Truss.  Junior 

year,  second  term.  (M.E.  and  E.M.  Courses,  Senior 
year,  first  term).  By  H.  B.  Evans,  December,  1892. 

208.  Graphical  Analysis  of  a Plate  Girder.  Junior  year,  second 

term.  By.  W.  F.  Cressman,  June,  1892. 

209.  Results  of  Test  of  the  Turbine  in  the  Civil  Engineering 

Laboratory.  Senior  year,  second  term.  By  J.  B.  Glover, 
May  18,  1888. 

210.  Graphical  Analysis  of  a Triangular  Truss.  Junior  year, 

second  term.  By  C.  S.  Haines,  May  5,  1892. 

21 1.  Elevations  of  a Frame  Cottage.  Sophomore  year,  first 

term.  By  F.  A.  Wicks,  Oct.,  1887. 

212.  Plan  of  Electric  Light  Station  in  Bethlehem.  Sophomore 

year,  first  term  (Electrical  Course).  By  J.  L.  Neufeld, 
November,  1891. 
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213.  Plans  of  a Double  Brick  House.  Sophomore  year,  first 
term.  By  W.  P.  Cody,  November,  1892. 

215.  Foundation  and  Framing  Plans  of  a Cottage.  Sophomore 

year,  first  term.  By  L.  D.  Showalter,  October,  1892. 

216.  Floor  Plans  of  a Cottage.  Sophomore  year,  first  term.  By 

R.  R.  Hillman,  December,  1889. 

217.  Cylindrical  Arch  intersected  by  a Plane  and  Semi-Cylin- 

der. Junior  year,  second  term.  By  W.  M.  Hall, 
March,  1893. 

218.  Design  of  a Plate  Girder  Bridge.  Senior  year,  first  term. 

By  G.  H.  Maurice,  November,  1892. 

219.  Comparison  of  the  Programmes  in  the  Civil  Engineering 

Course,  1870,  1880,  1890. 

220.  Arch  Culvert  and  Wing  Wall.  Junior  year,  second 

term.  By  J.  D.  Ferguson,  March,  1879. 

221.  Colored  Topographical  Signs.  Sophomore  year,  second 

term.  By  B.  Hipkins,  February,  1892. 

222.  Colored  Topographical  Map.  Sophomore  year,  second 

term.  By  L.  Rights,  May,  1891. 

223.  Contour  and  Profile  Exercise.  Sophomore  year,  second 

term.  By  R.  Ferriday,  March,  1891. 

224.  Title  Page  for  Plates  in  Topographical  Drawing.  Sopho- 

more year,  second  term.  By  H.  F.  Nase,  April,  1893. 

225.  Topographical  Signs.  Sophomore  year,  second  term.  By 

P.  S.  Rios,  April,  1892. 

226.  Conventional  Tints.  Sophomore  year,  second  term.  By 

L.  S.  Duling,  Feb.,  1893. 

227.  Title  Page  for  Plates  in  Descriptive  Geometry  and  Fresh- 

man Drawing.  Freshman  year,  second  term.  By  J.  C. 
Sesser,  March,  1893. 

228.  Tracing  of  Gothic  Windows.  Freshman  year,  second 

term.  By  H.  J.  Downs,  March,  1893. 

229.  Queen  Post  Truss  Bridge.  Freshman  year,  second  term. 

By  C.  L.  Olmstead,  April,  1890. 

230.  Plan,  Elevation,  and  Isometric  of  a Pillow  Block.  Freshman 

year,  second  term.  By  W.  B.  Keim,  May,  1892. 
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231.  Elementary  Projections.  Freshman  year,  second  term.  By 

E.  M.  Durham,  Jr.,  February,  1893. 

232.  Eight  Freehand  Sketches  and  Surveying  Exercises.  Fresh- 

man year,  second  term.  1893. 

233.  Line  Shade  Drawing  of  a Railroad  Bridge.  By  E.  B.  Wise- 

man, March,  1888. 

234.  Topographical  Map.  Junior  year,  first  term.  By  J.  L. 

Burley,  December,  1892. 

235.  Skew  Arch  at  Reading,  Pa.  Junior  year,  second  term.  By 

J.  H.  Budd,  April,  1892. 

236.  Twenty  Freehand  Sketches.  Freshman  year,  first  term.  1892. 

238.  Plan  of  Land  in  South  Bethlehem.  Sophomore  year,  first 

term.  By  H.  F.  Nase,  October,  1892. 

239.  Graduated  Tints.  Sophomore  year,  second  term.  By  W.  P. 

Massey,  1889. 

240.  Conventional  Signs.  Sophomore  year,  second  term.  By  W. 

A.  Payne,  March,  1892. 

241.  Plan  and  Elevation  of  a Cottage.  Sophomore  year,  first 

term.  By  W.  B.  Keim,  October,  1892. 

242.  Isometric  Details  of  Cottage.  Sophomore  year,  first  term. 

By  W.  Forstall,  September,  1888. 

244.  Investigation  of  a Retaining  Wall.  Junior  year,  second 
term.  By  G.  E.  Gay,  March,  1889. 

276.  Plans  and  Elevation  of  the  Crane  Memorial  Library.  Junior 

year,  first  term  (Architectural  Course).  By  W.  A. 
Payne,  December,  1892. 

277.  Shades  and  Shadows  on  a Tuscan  Column.  Junior  year, 

first  term  (Architectural  Course).  By  H.  Schneider, 
October,  1892. 

civil  engineering:  sets  of  drawings,  note  books  and 

GRADUATING  THESES  OF  STUDENTS. 

247.  Bound  Set  of  Twenty-Seven  Plates  in  Freehand  Drawings. 

Freshman  year,  first  term.  By  J.  A.  McClurg,  1887. 

248.  Bound  Set  of  Twenty-Six  Plates  in  Freehand  Drawing. 

Freshman  year,  first  term.  By  J.  P.  Culbertson,  Jr.,  1889, 

249.  Bound  Set  of  Plates  in  Freehand  Drawing  and  Lettering. 

Freshman  year,  first  term.  By  S.  E.  Beeler,  1892. 
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250.  Surveying  Problems.  Freshman  year,  first  term.  1889-91. 

251.  Freehand  Plotting  and  Surveying  Exercises.  Freshman 

year,  second  term.  1893. 

252.  Set  of  Twenty-three  Plates  in  Descriptive  Geometry  and 

Projection  Drawing.  Freshman  year,  second  term. 
By  T.  W.  Wilson,  1891. 

253.  Set  of  Twenty-three  Plates  in  Projection  Drawing  and 

Descriptive  Geometry.  Freshman  year,  second  term. 
By  C.  L.  Olmstead.  1890. 

255.  Set  of  Nine  Plates  in  Architectural  and  Topographic 

Drawing.  Sophomore  year,  C.E.  Course.  1890. 

256.  Set  of  Three  Plates  in  Architecture.  Sophomore  year, 

first  term.  Electrical  Engineering  Course.  1892. 

257.  Reports  of  Field  Work  in  Surveying.  Sophomore  year. 

1887-90. 

258.  Transit  and  Level  Book.  Sophomore  and  Junior  years. 

A.  Cardenas,  1887-89. 

259.  Transit  and  Level  Book.  Sophomore  and  Junior  years. 

By  G.  Nauman,  1887-89. 

260.  Transit  and  Level  Book.  Sophomore  and  Junior  j^ears. 

By  W.  C.  Perkins.  1887-89. 

266.  Reports  of  Field  Work  in  Topographic  Surveying.  Junior 

year,  first  term.  1889-92. 

267.  Reports  of  Tests  of  Hydraulic  Cements  and  Mortars. 

Junior  year,  first  term.  1891-92. 

268.  Reports  on  Testing  Machines  and  on  the  Strength  of 

Materials.  Junior  year,  first  term.  1890-92. 

269.  Lectures  on  Construction,  by  Mansfield  Merriman,  Professor 

of  Civil  Engineering.  Junior  year,  first  term.  Notes 
taken  by  T.  W.  Wilson,  1892. 

270.  Set  of  Eleven  Sheets  of  Recitation  Work  in  Stereotomy. 

Junior  year,  second  term.  1893. 

271.  Set  of  Location  Maps,  Profiles,  Cross  Sections,  and  Esti- 

mates for  a Line  of  Railroad.  Junior  year,  second  term. 
1889-93. 
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272.  Field  Notes  of  Topographic  and  Railroad  Surveying. 

Sophomore  and  Junior  Years.  By  T.  C.  J.  Baily,  Jr., 
1887-89. 

273.  Transit  and  Level  Book.  Sophomore,  Junior,  and  Senior 

years.  By  Geo.  H.  Maurice,  1890-92. 

274.  Transit  and  Level  Book.  Sophomore,  Junior,  and  Senior 

years.  By  C.  S.  Haynes,  1890-92. 

275.  Twelve  Cement  Briquettes  made  and  Tested  by  Junior 

Civil  Engineers.  Junior  year,  first  term.  1891-92. 

280.  Reports  of  Field  Work  in  Geodetic  Surveying.  Senior 

year,  first  term.  1888-92. 

281.  Lectures  on  Bridges,  by  Mansfield  Merriraan,  Professor  of 

Civil  Engineering.  Senior  year,  first  term.  Notes  taken 
by  F.  E.  Bray,  1892. 

282.  Reports  on  Tests  of  the  Eureka  Turbine  in  the  Civil  En- 

gineering Laboratory.  Senior  year,  second  term.  1 889-9 1 • 

283.  Computation  Book  in  Bridge  Design.  Senior  year.  By 

Eric  Doolittle,  1890-91. 

284.  Computation  Book  in  Bridge  Design.  Senior  year.  By  G. 

H.  Maurice,  1892-93. 

285.  Review  of  Japanese  Railways,  based  upon  Wellington’s 

Economic  Theory  of  Railway  Location.  Graduating 
Thesis,  by  S.  Yamaguchi,  1888. 

286.  Design  for  a High  Trestle.  Graduating  Thesis,  by  L.  P. 

Gaston,  1889. 

287.  Design  of  an  Iron  Highway  Cantilever  Bridge  and  Viaduct 

across  the  Lehigh  River  at  Bethlehem,  Pa.  Graduating 
Thesis  by  T.  C.  J.  Baily,  jr.,  and  F.  E.  Fisher,  1890. 

288.  The  Geographical  Location  of  the  Salem  Lutheran  Church 

Graduating  Thesis  by  J.  E.  Boatrite,  1891. 

289.  The  Utilization  of  the  Water  Power  of  the  Lehigh  River. 

Graduating  Thesis  by  P.  L.  Cobb,  1892. 

290.  Railroad  Rail  Joints.  Graduating  Thesis,  by  N.  W.  Smith, 

1893. 

292.  Lectures  on  Water  Supply  by  Mansfield  Merriman,  Pro- 
fessor of  Civil  Engineering.  Notes  taken  by  F.  C. 
Warman,  1893. 
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299.  Statement  of  Drawing  done  by  Students  in  the  various 
Class,  Field,  and  Office  Exercise  of  the  Department  of 
Civil  Engineering. 

CHEMISTRY  : DYES  AND  CHEMICALS  MADE  BY  STUDENTS. 

301.  Fifty-four  Bottles  of  Organic  Preparations.  By  Junior 

Chemists. 

302.  Four  Specimens  of  Calico  Prints.  By  Senior  Chemists,  1892. 

303.  Eighteen  Specimens  of  Dyed  Woolens.  By  Senior  Chem- 

ists, 1892. 

304.  Sixteen  Specimens  of  Dyed  Cotton.  By  Senior  Chemists, 

1892. 

305.  Twelve  Specimens  of  Dyed  Leathers.  By  Senior  Chemists, 

1892. 

306.  Nine  Specimens  of  Dyed  Paper.  By  Senior  Chemists,  1892. 

307.  Thirty-two  Specimens  of  Dyed  Cotton  Yarns.  By  Senior 

Chemists,  1892. 

308.  Thirty- nine  Specimens  of  Dyed  Silk.  By  Senior  Chemists, 

1892. 

309.  Twenty-six  Specimens  of  Dyed  Woolen  Yarns.  By  Senior 

Chemists,  1892. 

310.  Thirty  Bottles  of  Chemically  Pure  Salts.  By  Senior 

Chemists. 


CHEMISTRY:  PHOTOGRAPHS,  NOTE  BOOKS,  AND  GRADUATING  THESES 

OF  STUDENTS. 


31 1.  Album  of  Photographs.  By  Senior  Chemists. 

312.  Lecture  Notes,  Inorganic  Chemistry.  Freshman  year. 

H.  H.  Beck,  1892. 

313.  Lecture  Notes,  Inorganic  Chemistry. 

M.  J.  Bucher,  1892. 

314.  Lecture  Notes,  Inorganic  Chemistry. 

T.  S.  Eden,  1892. 

315.  Lecture  Notes,  Inorganic  Chemistry. 

H.  E.  Wheeler,  1892. 

316.  Lecture  Notes,  Organic  Chemistry. 

C.  Carnell,  1892. 


Freshman  year. 
Freshman  year. 
Freshman  year. 


By 

By 

By 

By 


Junior  year.  By  W. 
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317.  Lecture  Notes,  Organic  Chemistry.  Junior  year.  By  M. 

B.  Graff,  1892. 

318.  Lecture  Notes,  Practical  Chemistry,  Notes  of  Practical 

Work.  Senior  year.  By  W.  S.  Maharg,  1892. 

319.  Lecture  Notes,  Industrial  Chemistry,  Notes  of  Practical 

Work.  Senior  year.  By  S.  C.  Potts,  1891. 

320.  Lecture  Notes,  Industrial  Chemistry,  Notes  of  Practical 

Work.  Senior  year.  By  R.  B.  Randolph,  1892. 

321.  Thesis:  Some  investigations  on  the  Coefficient  of  Expan- 

sion of  Solutions.  By  J.  E.  Bucher,  1891. 

322.  Thesis : The  Mears  Chlorination  Process.  By  W.  S. 

Cramp,  1881. 

323.  Thesis:  History  of  the  Theory  of  Chemistry.  By  H.  E. 

Kiefer,  1892. 

324.  Thesis:  Analysis  of  a Meteorite.  By  H.  L.  Mcllvaine,  1888. 

325.  Thesis:  Aluminium.  By  J.  W.  Richards,  1886. 

326.  Thesis : Preparation  of  Artificial  Indigo.  By  G.  M.  Rich- 

ardson, 1886. 

metallurgy  : framed  drawings  of  students. 

401.  Exercise  in  Tinting.  Freshman  year,  second  term.  By 

W.  G.  Whildin,  April,  1892. 

402.  Exercise  in  Tinting.  Freshman  year,  second  term.  By  W. 

H.  Brown,  April,  1892. 

403.  Exercise  in  Manipulation  of  Instruments.  Freshman  year, 

second  term.  By  D.  F.  McKee,  January,  1893. 

404.  Pencilled  Machine  Sketches.  Freshman  year,  second  term. 

By  H.  Eckfeldt  and  W.  G.  Whildin,  February,  1892. 

405.  Drawing  of  a Globe  Valve.  Freshman  year,  second  term. 

By  W.  G.  Whildin,  February,  1892. 

406.  Drawing  of  Eccentric  and  Strap.  Freshman  year,  second 

term.  By  H.  Eckfeldt,  March,  1892. 

407.  Drawing  a Gate  Valve.  Freshman  year,  second  team.  By 

H.  Eckfeldt,  February,  1892. 

408.  Pencilled  Isometric  Sketches.  Freshman  year,  second  term. 

By  H.  Eckfeldt  and  J.  G.  Mason,  March,  1892,  and  March, 
1893. 
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409.  Isometric  Drawing  of  a Vise.  Freshman  year,  second  term. 

By  B.  H.  Jones,  March,  1891. 

410.  Isometric  Drawing  of  an  Axle  Box.  Freshman  year, 

second  term.  By  J.  G.  Mason,  March,  1893. 

41 1.  Problems  in  Descriptive  Geometry.  Freshman  year,  second 

term.  By  J.  G.  Mason,  March,  1893. 

412.  Intersections  of  Eye  Bolt,  Stub  End,  and  Steam  Cock. 

Freshman  year,  second  term.  By  E.  C.  Thurston,  March, 
1S93. 

413.  Title  Page.  Freshman  year,  second  term.  By  H.  Eck- 

feldt,  May,  1892. 

414.  Intersection  of  Boiler  and  Dome.  Freshman  year,  second 

term.  By  W.  G.  Whildin,  March,  1892. 

415.  Intersection  of  Inclined  Pipes.  Freshman  year,  second 

term.  By  J.  G.  Mason,  March,  1893. 

416.  Intersection  of  Hood  and  Branch  Pipe.  Freshman  year, 

second  term.  By  J.  G.  Mason,  March,  1893. 

417.  Line  Shading.  Freshman  year,  second  term.  By  H.  Eck- 

feldt,  April,  1892. 

418.  Mining  Problems.  Freshman  year,  second  team.  By  W. 

G.  Whildin,  April,  1892. 

419.  Mining  Problems.  Freshman  year,  second  term.  By  W. 

G.  Whildin,  May,  1892. 

420.  Mining  Problems.  Freshman  year,  second  term.  By  W. 

G.  Whildin,  May,  1892. 

421.  Drawing  of  Bell  and  Hopper  Details.  Freshman  year, 

second  term.  By  W.  V.  .Pettitt,  May,  1892. 

422.  Drawing  of  Mine  Car  Details.  Freshman  year,  second 

term.  By  C.  H.  Thompson,  April,  1891. 

423.  Drawing  of  Band  Brake.  Freshman  year,  second  term. 

By  B.  H.  Jones,  March,  1891. 

424.  Drawing  of  Blast  Furnace  Charging  Apparatus.  Freshman 

year,  second  term.  By  H.  Eckfeldt,  May  1892. 

425.  Problems  in  Machine  Design.  Freshman  year,  second  term. 

By  W.  G.  Whildin,  May,  1892. 

426.  Drawing  of  a Blast  Furnace.  Sophomore  year,  first  term. 

By  B.  H.  Jones,  December,  1891. 
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427.  Drawing  of  a Blast  Furnace.  Sophomore  year,  first  term. 

By  H.  Eckfeldt,  November,  1892. 

428.  Drawing  of  a Blast  Furnace  Charging  Apparatus.  Sopho- 

more year,  first  term.  By  J.  T.  Callaghan,  November, 
1892. 

429.  Plan  of  the  Blast  Furnaces  of  the  Bethlehem  Iron  Co.  Sopho- 

more year,  first  term.  By  B.  I.  Drake,  November,  1892. 

430.  Drawing  of  the  Hangers  and  Supports  used  about  a Blast 

Furnace.  Sophomore  year,  first  term.  By  F.  Baker, 
November,  1892. 

431.  Drawing  of  a Tuyere  and  its  connections.  Sophomore 

year,  first  term.  By  H.  Eckfeldt,  November,  1892. 

435.  Design  of  a Blast  Furnace  Charging  Aapparatus.  Senior 

year,  first  term.  By  H.  Orth,  February,  1893. 

436.  Design  of  a Blast  Furnace  Charging  Apparatus.  Senior 

year,  first  term.  By  H.  Orth,  February,  1893. 

438.  Design  of  a Blast  Furnace  Charging  Apparatus.  Senior 

year,  first  term.  By  N.  Banks,  February,  1893. 

439.  Design  of  a Blast  Furnace  Charging  Apparatus.  Senior 

year,  first  term.  By  N.  Banks,  February,  1893. 

442.  Design  of  Hot  Blast  Stove.  Senior  Class,  second  term. 

By  H.  Orth,  April,  1893. 

445.  Description  of  Metallurgical  Drawings. 

metallurgy  : note-books,  reports,  and  graduating  theses 

OF  STUDENTS. 

432.  Shop  Visits  and  Reports.  Sophomore  Class,  first  term.  By 

the  Class,  December,  1891. 

433.  Shop  Visits  and  Reports.  Sophomore  Class,  first  term.  By 

H.  Eckfeldt,  December,  1892. 

434.  Shop  Visits  and  Reports.  Sophomore  Class,  first  term.  By 

F.  S.  Young,  December,  1892. 

437.  Memoir  Accompanying  the  Design  of  a Blast  Furnace 

Charging  Apparatus.  Senior  year,  first  term.  By  H- 
Orth,  February,  1893. 

440.  Memoir  Accompanying  the  Design  of  a Blast  Furnace 

Charging  Apparatus.  Senior  Class,  first  term.  By  N. 
Banks,  February,  1893. 
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441.  Memoir  Accompanying  the  Design  of  a Blast  Furnace 
Charging  Apparatus.  Senior  Class,  first  term.  By  J. 
S.  B.  Hollinshead,  June,  1891. 

443.  Memoir  Accompanying  the  Design  of  a Hot  Blast  Stove. 

Senior  Class,  second  term.  By  H.  Orth,  April,  1893. 

444.  Memoir  upon  the  Design  of  a Hot  Blast  Stove.  Senior 

Class,  second  term.  By  N.  Banks,  May,  1893. 

446.  Thesis : A Description  of  the  Plant  of  the  Lehigh  Zinc  & 

Iron  Co.,  Limited,  for  the  Manufacture  of  Spiegeleisen, 
South  Bethlehem,  Pa.,  including  a Determination  of  the 
Distribution  of  the  Manganese.  Post-Senior  year,  second 
term.  By  J.  A.  Jardine,  June,  1885. 

447.  Thesis  : Heat  Requirement  of  an  Anthracite  Blast  Furnace- 

Post-Senior  year,  second  term.  By  F.  F.  Amsden, 
June,  1888. 

448.  Thesis : Heat  Distribution  and  Description  of  the  Spiegel 

Furnace  of  the  Lehigh  Zinc  & Iron  Co.  Post-Senior 
year,  second  term.  By  F.  Grammer,  June,  1890. 

449.  Thesis : Description  of  the  Bessemer  Process  as  Employed 

at  the  Bethlehem  Iron  Co.  Senior  year,  second  term. 
By  Jos.  Barrell,  June,  1892. 

450.  Thesis  : A Comparison  of  Some  Regenerative  Hot  Blast 

Stoves.  Senior  year,  second  term.  By  R.  E.  Ozias, 
June,  1892. 

451.  Thesis:  On  the  Method  Employed  in  the  Erection  of  a 

Ten  Stamp  Gold  Mill  as  Used  in  the  Darien  Gold  District, 
Republic  of  Columbia.  Senior  year,  second  term.  By 
H.  F.  Lefevre,  June,  1892. 
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University.  Prepared  by  B.  W.  Frazier,  Secretary  of  the 
Facultyr’s  Committee  on  Exhibit. 
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LOCATION  AND  ARRANGEMENT  OF  THE  EXHIBIT. 

The  exhibit  of  The  Lehigh  University  at  the  World’s  Colum- 
bian Exposition  is  located  in  the  south-west  gallery  of  the  main 
building  devoted  to  Manufactures  and  Liberal  Arts.  It  is  in  the 
section  assigned  to  the  educational  exhibits  of  Pennsylvania,  and 
on  the  south  side  of  the  main  aisle  which  traverses  the  gallery 
from  east  to  west.  Its  official  number  is  9951. 

The  space  assigned  to  the  exhibit  is  a floor  area  of  19  feet  by 
19  feet.  Around  this  are  three  side  walls  ten  feet  in  height,  the 
north  side,  which  adjoins  the  aisle,  being  left  open.  A spur  par- 
tition, eight  feet  high  and  eight  feet  long  is  built  out  from  the 
middle  of  the  south  wall.  The  wall  space  of  the  exhibit  aggre- 
gates about  620  square  feet. 

A show  case  eight  feet  long  and  three  feet  high,  with  glass  top 
and  sides,  is  placed  near  the  front  of  the  space  and  parallel  with 
the  aisle. 

On  the  eastern  part  of  the  south  wall  are  hung  the  photographs 
Nos.  1-10  and  Nos.  193-196,  and  on  the  western  part  photo- 
graphs Nos.  11-20  and  Nos.  197-200. 

The  east  wall  is  covered  with  framed  drawings  of  the  depart- 
ment of  Civil  Engineering  Nos.  201-236,  and  the  index,  or 
statement  of  drawings  done  by  students,  No.  299. 

The  west  wall  is  covered  with  framed  drawings  of  the  depart- 
ment of  Metallurgy  Nos.  401-43 1,  435,  436,  438,  439,  442, 
and  the  index  or  explanation  No.  445. 

The  spur  partition  contains  the  frames  of  maps,  charts  and 
statistics  Nos.  31-42,  No.  152,  also  eight  drawings  by  students  in 
Civil  Engineering  and  Architecture  No.  238-244,  276,  277.  The 
registry  book  No.  501  and  a small  bulletin  board  are  on  the 
western  side  of  this  partition. 

The  top  of  the  show  case  contains  the  exhibits  of  the  depart- 
ment of  Chemistry  No.  301-326.  On  shelves  on  the  sides  of  the 
case  are  placed  the  books  and  pamphlets  Nos.  45-48,  Nos.  52-1 5 L 
Nos.  181-190,  and  the  students  note  books,  sets  of  drawings  and 
theses  Nos.  154-178,  Nos.  247-292,  Nos.  432-451,  and  also  the 
banner  No.  191. 
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It  should  be  said  that  Nos.  52-132  embrace  only  a part  of  the 
publications  of  professors,  instructors,  and  alumni.  A more  com- 
plete list  of  such  publications  is  contained  in  No.  502. 

The  students’  work  which  is  shown  has  been  made  in  the 
regular  courses  of  instruction,  not  a single  piece  having  been 
specially  prepared  for  this  exhibit. 
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One  of  the  most  melancholy  things  in  connection  with  intel- 
lectual work  of  every  description,  is  the  thought  that  we  must  in- 
evitably forget  so  many  valuable  facts  that  we  have  toiled  to  grasp 
and  let  so  many  ideas  perish  almost  in  the  moment  of  their  in- 
spiration, because  we  can  not  make  use  of  them  at  the  time  when 
they  occur  to  us.  We  are  willing  to  labor,  and  think  nothing  of 
the  cost  of  knowledge,  if  we  may  only  have  it  at  our  command 
when  we  need  it.  It  seems  sheer  waste  to  devote  so  much  time 
to  its  acquisition  if  the  result  is  going  to  be,  that  we  are  con- 
stantly becoming  the  possessors  of  real  treasures  which  we  can 
not  retain.  The  fact  is,  that  too  much  of  our  study  leads  to  this 
result,  especially  in  the  case  of  books  which  we  do  not  review  as 
text-books  and  so  are  unable  to  fix  upon  the  memory  with  that 
accuracy  which  can  alone  make  their  contents  really  useful  to  us. 
Few  books  which  have  been  carefully  read  can  be  said  to  leave 
no  residue  in  the  mind  after  their  perusal;  but  then,  unless  we  are 
in  absolute  possession  of  the  details,  we  do  not  dare  to  quote 
them  with  certainty  or  base  important  calculations  upon  this  sort 
of  information.  It  is  one  thing  to  understand  a calculation  or 
demonstration  when  the  volume  lies  before  us,  and  a totally  dif- 
ferent thing  to  recall  it  a month  afterwards.  This  class  of  reading, 
as  compared  with  the  text-book  study,  is  like  writing  in  pencil  on 
the  block  of  marble,  instead  of  using  the  chisel  to  engrave  it  fast 
and  sure.  The  other  duties  of  life  and  the  subsequent  subjects  of 
reading  make  its  outlines  more  and  more  illegible,  until  we  hold 
a mere  suggestion  of  the  thing  that  was  so  clear  and  distinct  a 
short  time  before. 

Now  we  may  well  ask  whence  comes  it  that  we  can  so  easily 
forget,  and  must  we  always  labor  on  feeling  that  so  much  will 
slip  from  our  grasp?  Can  it  be  that  this  imperfection  of  attain- 
ment must  follow  us  all  through  our  professions?  If  so  how  can 
we  ever  hope  to  really  master  a subject?  These  are  momentous 
questions  and  ones  which  affect  our  future  success  and  are, 
therefore,  well  worthy  of  our  careful  consideration. 
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A century  ago,  when  books  were  scarce  and  newspapers  were 
only  beginning  to  rise  into  view,  men  had  fewer  books  upon  a 
given  professional  subject,  and  these  were  read  more  thoroughly. 
The  records  of  scholarship  show  men  who  had  a marvelous 
grasp  of  a particular  topic  or  science.  Now-a-days  all  is  changed. 
No  man  can  do  more  than  pass  over,  cursorily,  much  that  is 
written  in  his  own  field;  and  he  must  soon  divide  all  the  literature 
in  this  field  into  two  classes,  those  books  which,  on  account  of 
their  great  value  to  him,  need  to  be  conned  again  and  again  like 
college  text-books  are,  and  that  larger  body  of  works  which  are 
worth  reading  and  comparing  for  the  suggestions  or  statements 
which  they  contain,  and  yet  can  not  claim  the  importance  of  the 
first  division.  No  man  can  afford  to  disregard  anything  in  his 
line,  for  he  may  meet  with  a single  statement  in  a treatise  which 
may  be  a seed  thought  to  him  in  a great  and  important  direction. 
We  shall,  therefore,  find  it  worth  while  to  discuss  in  brief  how  we 
may  save  this  unfortunate  w-aste  of  labor,  which  is  so  disheart- 
ening. 

In  the  first  place  we  shall  find  that  we  can  gain  much  more 
from  a book  that  we  are  reading,  if  we  make  an  abstract  of  the 
main  points  as  we  proceed.  Many  writers,  along  with  the  results 
of  their  own  investigations,  go  over  old  ground  which  we  already 
are  familiar  with,  and  the  abstract  will  thus  give  us  the  cream  of 
the  work  in  a shape  where  we  can  easily  handle  it  and  refer  to  it 
quickly,  when  we  wish  to  make  use  of  it.  The  conscious  act  of 
condensing  the  arguments  is  itself  a good  test  of  our  real  under- 
standing of  the  writer’s  meaning,,  and  will  sometimes  reveal  to  us 
that  we  have  missed  the  point  of  a discussion.  If  we  read  this 
digest  over  before  laying  it  aside,  it  will  be  a species  of  review  of 
the  whole  that  will  help  to  fix  many  facts  which  would  otherwise 
quickly  fade  away  from  our  memory.  The  ancient  naturalist 
Pliny  was  in  the  habit  of  doing  this  with  every  author  he  read, 
and  accumulated  a series  of  note  books  which  represented  many 
years  of  study. 

But,  in  addition  to  the  general  outline  of  a given  work,  there 
are  apt  to  be  quotations  or  short  references  which  we  desire  to 
preserve  for  ready  use.  This  can  best  be  done  by  having  on  hand 
a quantity  of  slips  of  thick  writing  paper,  either  in  single  sheets 
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or  in  pads.  These  should  all  be  of  a uniform  size,  for  a reason 
which  will  be  explained  later.  This  slip  may  be  covered  with 
writing  on  both  sides  but  the  first  page  should  have  a space  at  the 
top  for  the  classification  number;  and  the  title  of  the  work  from 
which  the  quotation  is  made  should  come  at  the  head  and  be 
underlined,  so  as  to  catch  the  eye  at  a glance.  A reference  in  the 
body  of  the  abstract  could  not  be  classified  under  the  appropriate 
head,  and  much  time  would  be  lost  in  hunting  for  it,  with  the 
chance  that  one  might  not  remember  which  work  contained  it. 

The  device  just  mentioned  is  admirable,  too,  for  cataloguing 
facts  from  magazine  articles,  and,  when  combined  in  a systematic 
way,  gives  the  student  the  benefit  of  an  accumulation  of  a great 
deal  of  reading.  Furthermore,  where  several  men  are  working 
together  in  a firm  or  in  a scientific  society,  the  resulting  set  of 
notes  can  be  of  inestimable  value,  for  we  have  in  this  way  all  the 
advantages  of  collaboration. 

But  it  may  appear  to  some  that  the  old  method  of  an  Index 
Rerum,  or  even  a series  of  note  books,  would  be  preferable.  This 
is,  however,  less  practical,  because  of  the  difficulty  of  indexing 
such  notes  properly,  unless  a catalogue  is  made,  which  would  not 
be  as  simple  as  the  plan  now  under  discussion.  If  we  can  not  ex- 
pect to  be  able  to  recall  everything  we  need,  we  must  have  our 
notes  so  arranged  that  we  can  reach  in  a few  minutes  all  that  we 
have  collected;  and  no  book  could  be  planned  beforehand  so  as 
to  assign  sufficient  space  for  all  needs  and  yet  leave  no  blank 
pages  to  be  handled  everytime  we  consult  the  catalogue. 

Besides  the  notes  and  abstracts,  we  obtain  a large  number  of 
items  in  the  shape  of  clippings  from  the  newspapers,  and  our  sys- 
tem should  provide  for  these  also.  The  best  thing  for  these  as 
well  as  for  the  abstracts  is  a set  of  strong  manilla  envelopes  large 
enough  to  contain  anything  which  we  could  desire  to  put  into 
them.  The  Boston  Library  Bureau,  No.  146  Franklin  Street, 
Boston,  manufactures  a set  which  consists  of  one  hundred  stout 
envelopes  5^x9}^  inches.,  all  numbered  and  in  a strong  box. 
These  are  large  enough  to  contain  quite  a lot  of  clippings,  but  not 
for  abstracts  also,  which  might  be  too  bulky.  Still  it  is  a simple 
matter  to  obtain  such  envelopes  of  any  size  which  may  suit  the 
individual  fancy. 
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Then,  in  addition  to  this,  it  is  desirable  to  have  the  student’s 
library,  as  it  accumulates,  catalogued  upon  cards,  very  much  as 
the  notes  mentioned  before.  This  may  seem  unnecessary  to  one 
just  starting  out,  but  pamphlets  are  rapidly  gathered,  and  any 
one  will  soon  find  that  he  will  forget  such  things  very  easily. 
The  only  way  is  to  have  the  whole  matter  as  methodical  as  pos- 
sible from  the  start,  and  then  the  student  will  not  become  aware 
some  day  that  he  has  a great  mass  of  treasures  which  are  useless 
because  they  are  in  disorder.  This  portion  of  our  plan  is,  per- 
haps, less  important  at  first,  but  should  be  added  finally. 

Thus  we  shall  have  a set  of  cards  for  our  notes  and  another 
for  our  libraries,  and  a corresponding  set  of  envelopes  to  hold 
our  slips  and  abstracts.  The  question  will  at  once  arise  as  to  the 
best  arrangement.  This  is  nothing  more  than  to  settle  which 
system  of  library  classification  is  to  be  preferred.  After  con- 
siderable experience  in  library  management,  the  writer  is  con- 
vinced that  the  one  which  is  named  after  its  inventor,  Dr.  Mel- 
ville Dewey,  is  the  most  satisfactory  in  its  results.  At  the  risk 
of  repeating  what  is  generally  known,  it  may  be  worth  while  to 
mention  its  principal  features.  It  is  based  upon  the  prime  num- 
bers o to  9,  and  employs  them  for  the  first  figure,  which  stands 
for  the  general  subject  and  may  be  made,  by  the  addition  of 
other  figures  to  the  right  to  form  subdivisions,  to  go  from  000  to 
999.  Thus  the  numbers  000  to  099  contains  general  subjects  or 
special  collections,  100  to  199  Philosophy,  200  to  299  Religion, 
300  to  399  Sociology,  400  to  499  Philology,  500  to  599  Science, 
600  to  699  Useful  Arts,  700  to  799  Fine  Arts,  800  to  899  Liter- 
ature, 900  to  999  History  and  its  kindred  topics. 

This  arrangement  may  seem  arbitrary,  but  any  system  will  lie 
open  to  the  same  objection,  and  the  gain  in  using  numbers  in- 
stead of  letters  or  words  will  be  readily  appreciated  when  we 
begin  to  calculate  the  saving  in  labor.  Then,  too,  there  are  cer- 
tain mnemonics  which  apply  in  parts  of  the  series  which  simplify 
the  memorizing  of  the  portion  that  we  use.  The  thousand  dif- 
ferent heads  will  be  quite  sufficient  for  any  ordinary  worker,  and 
for  many  persons  a hundred  will  suffice.  The  list  of  a hundred 
is  as  follows : 
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1-9.  General  Collections  or  Spe-  41.  Comparative  Philology. 


cial  Topics. 

10.  Philosophy. 

1 1.  Metaphysics. 

12.  Methaphysical  Topics. 

1 3.  Mind  and  Body. 

14.  Philosophical  Systems. 

15.  Mental  Faculties. 

16.  Logic. 

17.  Ethics. 

18.  Ancient  Philosophers. 

19.  Modern  Philosophers. 

20.  Religion. 

21.  Natural  Theology. 

22.  The  Bible. 

23.  Doctrinal  Theology. 

24.  Practical  and  Devotional. 

25.  Homiletic. 

26.  The  Church  — Institutions 

and  Work:. 

27.  Religious  History. 

28.  Christian  Sects  and 

Churches. 

29.  Mythology  and  Ethnic 

Religions. 

30.  Sociology. 

31.  Statistics. 

32.  Political  Science. 

33.  Political  Flconomy. 

34.  Law. 

35.  Administration,  War. 

36.  Associations  and  Institu- 

tions. 

37.  Education. 

38.  Commerce  and  Communi- 

cation. 

39.  Customs  and  Folk-Lore. 

40.  Philology. 


42.  English  Philology. 

43.  German  “ 

44.  French  “ 

45.  Italian  “ 

46.  Spanish  “ 

47.  Latin 

48.  Greek  “ 

49.  Other  Languages. 

50.  Science. 

51.  Mathematics. 

52.  Astronomy. 

53.  Physics. 

54.  Chemistry. 

55.  Geology. 

56.  Paleontology. 

57.  Biology. 

58.  Botany. 

59.  Zoology. 

60.  Useful  Arts. 

61.  Medicine. 

62.  Engineering. 

63.  Agriculture. 

64.  Domestic  Economy. 

65.  Communication  and  Com- 

merce. 

66.  Chemical  Technology. 

67.  Manufactures. 

68.  Mechanic  Trades. 

69.  Building. 

70.  Fine  Arts. 

71.  Landscape  Gardening. 

72.  Architecture. 

73.  Sculpture. 

74.  Drawing  and  Decoration. 

75.  Painting. 

76.  Engraving. 

77.  Photography. 
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78.  Music. 

89. 

Miscellaneous  Literature. 

79.  Amusements. 

90. 

History. 

80.  Literature. 

91. 

Geography  and  Travels. 

81.  American  Literature. 

92. 

Biography. 

82.  English 

93- 

Ancient  history. 

83.  German  “ 

94. 

Mediaeval  “ 

84.  French 

95- 

Asia. 

85.  Italian 

96. 

Africa. 

86.  Spanish  “ 

97- 

North  America. 

87.  Latin 

98. 

South  America. 

88.  Greek 

99. 

Oceanica  and  Polar  Region 

We  are  not  confined  to  the  numbers  between  OOO  and  999,  for 
if  we  wish  to  subdivide  a given  subject  more  minutely  so  as  to 
classify  the  smaller  topics  in  our  own  profession,  we  can  intro- 
duce a decimal  point  after  the  whole  number  of  the  classification, 
and  use  as  many  decimal  places  as  we  choose  to  mark  out.  In 
the  large  volume  upon  this  system,  which  is  published  by  the 
Boston  Library  Bureau,  we  shall  find  that  this  work  has  been 
already  done  by  experts  in  the  various  sciences,  and  the  index  to 
the  list  contains  every  species  of  title  with  the  corresponding 
classification  number.  A student  who  desires  to  obtain  the 
minuter  subdivisions  for  his  private  set  of  notes  can  easily  copy 
the  heads  from  the  full  work  which  will  be  found  in  most  large 
libraries.  So  many  public  libraries  are  catalogued  upon  this  plan 
that  it  will  be  a great  assistance  to  the  use  of  their  catalogues  if 
we  understand  this  system  thoroughly.  Its  advantages  are 
numerous,  and  it  admits  of  placing  the  rows  of  books  consecu- 
tively according  to  the  numbers  and  it  causes  no  trouble  in 
arrangement  when  new  books  are  indroduced,  for  the  others 
merely  need  to  be  moved  along,  and  the  succession  of  numbers 
keep  the  volumes  in  proper  order  without  the  assignment  of 
alcoves  to  one  large  section. 

There  are  many  works  which  it  is  difficult  to  assign  to  a head 
because  they  include  several  subjects,  and  the  beginner  will  meet 
with  this  problem  at  the  very  outstart ; he  must  reflect,  however, 
that  this  objection  would  apply  equally  to  all  systems  of  library 
classification,  and  can  only  be  met  by  placing  the  book  in  that 
division  to  which  the  more  important  part  belongs.  He  will  be 
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assisted  in  this  by  the  fact  that  the  general  section  of  a series  of 
ten  (or  of  one  hundred,  if  we  are  using  the  thousand  heads)  is 
intended  for  works  which  cover  several  sub-sections.  For  ex- 
ample, if  a man  wishes  to  classify  a collection  of  prose  essays 
which  contains  the  work  of  both  English  and  American  writers, 
he  may  be  puzzled  to  know  whether  it  should  go  under  81  or  82 
(or  if  we  employ  the  fuller  classification  814  or  824).  He  will 
settle  this  by  numbering  it  80  (or  804)  because  the  o at  the  end 
of  a number  indicates  that  it  includes  all  the  subdivision  under 
that  column  of  ten.  Did  space  permit,  it  might  be  profitable  to 
give  a fuller  description  of  the  method  of  analysis,  but  any  one 
who  is  interested  in  the  subject  can  obtain  full  information  from 
the  complete  index  in  the  library,  and  thus  work  out  a series  for 
himself. 

Now,  it  will  usually  happen  that  a student  will  not  be  likely 
to  need  all  the  set  of  divisions,  because  he  may  not  care  to  col- 
lect notes  in  more  than  a few  directions,  and  right  here  lies  the 
chief  value  of  the  Dewey  system  ; fora  man  can  disregard  the  sub- 
jects which  do  not  belong  to  his  plan  and  can  either  omit  them 
altogether,  or  group  them  under  the  most  general  head,  as,  for 
instance,  to  include  all  items  referring  to  Religion  under  200,  of 
those  belonging  to  Art  under  700,  and  so  on  ; while  he  can  run 
the  subdivision  of  his  specialty  to  the  fifth  place  of. decimals,  if 
he  so  incline. 

It  is  a practical  device  to  take  paper,  cut  the  size  of  the  cards, 
and  make  out  in  a neat,  small  lettering  the  heads  of  classification 
which  we  desire  to  use.  Let  this  stand  in  the  file  of  cards,  which 
may  most  conveniently  be  kept  in  order  on  edge  in  a box  or  in 
a drawer  of  the  worker's  desk.  Then,  when  a reference  has  been 
made  on  a card,  write  the  classification  number  in  the  upper  left 
hand  corner  and  place  it  in  its  position  in  the  row  of  cards,  and 
you  have  the  item  ready  for  future  reference.  One  great  advan- 
tage of  the  separate  cards  is,  that,  when  we  have  used  the  par- 
ticular fact,  we  can  remove  the  slip,  and  thus  it  will  not  swell  the 
pages  to  be  turned  over  in  order  to  find  something  else. 

But  some  one  may  consider  this  a great  deal  of  trouble,  and 
may  think  that  it  is  possible  to  do  just  as  well  without  such  a 
system.  If  he  will  invent  another  equally  good,  then  he  can  dis- 
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regard  this  discussion ; but  the  great  advance  which  has  been 
made  in  all  descriptions  of  work  consists  in  an  increase  of  speed 
and  accuracy,  by  enabling  a worker  to  save  the  time  which  was 
formerly  lost  between  different  portions  of  the  operations.  The 
gangs  of  artisans  do  this,  and  so  have  increased  the  production 
enormously.  So,  too,  in  intellectual  effort,  the  like  economy  of  time 
and  improvement  of  results  will  follow  from  having  the  tools 
always  at  hand  for  use;  and  the  mind  will  be  taught  the  necessity 
for  a clearer  and  more  exact  grasp  of  each  subject  as  it  comes  up. 
Only  in  this  way  can  we  hope  to  accomplish  our  full  share  of  the 
world’s  progress ; for  the  years  are  few  that  a man  may  expect  to 
be  able  to  labor,  and  the  energetic  will  take  advantage  of  any 
short  cut  that  will  eliminate  the  waste  which  is  so  discouraging, 
and  guard  against  the  half  knowledge  which  destroys  the  value  of 
so  much  that  we  do.  E.  M.  Hyde. 
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Translation  from  the  German  by  Karl  P.  Dahlstrom. 

It  is  not  our  intention,  as  appears  to  be  the  custom  at  the 
present  day,  to  oppose  established  theories  by  presenting  entirely 
new  doctrines.  But  it  is  a well-known  fact,  that  experience  has 
proved  the  old  theory  of  friction  to  be  untenable,  and  we  there- 
fore deem  it  necessary  to  familiarize  practical  men  with  the 
views  on  the  subject  which  have  long  been  held  by  scientists. 
The  development  of  the  theory  of  friction  has  been  going  on  for 
a long  time  in  Germany,  and  it  is  here  only  proposed  to  furnish 
an  additional  contribution.  As  a marked  contrast  we  may 
mention  that  in  France,  where  the  original  friction  theories  were 
created,  the  old  views  of  Coulomb  and  Morin  are  still  adhered  to. 
According  to  the  latter  authorities,  the  sliding  friction  would  be: 

1.  Proportional  to  the  pressure. 

2.  Independent  of  the  sliding  velocity. 

3.  Independent  of  the  size  of  the  surfaces  of  contact ; 
while  according  to  more  recent  experiments,  it  actually  is 

1.  Not  proportional  to  the  pressure. 

2.  Dependent  on  the  sliding  velocity. 

3.  Dependent  on  the  intensity  of  pressure. 
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It  will  no  doubt  be  unwelcome  to  many  to  be  obliged  to  give 
up  Morin’s  so-called  “laws  ” of  friction,  which  were  so  convenient, 
and  in  their  stead  adopt  a much  more  complicated  theory.  But 
nothing  else  remains  to  be  done  in  dealing  with  such  important 
technical  problems  as  train  resistance,  wear  of  journal  bearings, 
the  action  of  brakes,  etc.;  the  discrepancies  are  too  great.  For 
instance,  the  coefficient  of  friction  for  wrought  iron  with  well 
lubricated  surfaces,  does  not  remain  unaltered  at  O.14,  as  Morin 
concludes,  but  varies  from  0.14  to  c.40  when  the  pressure  is  in- 
creased to  15  times  that  employed  by  Morin  in  his  experiments; 
and  this  15-fold  pressure  is  commonly  met  with  in  practice.  Ac- 
cording to  Morin,  a 15-fold  pressure  would  increase  the  friction 
15  times,  while,  as  a matter  of  fact,  the  increase  is  nearly  43-fold. 

Moreover,  the  experiments  made  in  1879  by  Douglas-Gaston, 
now  president  of  the  British  Institution  of  Civil  Engineers,  have 
shown  that  when  the  sliding  velocity  increases  13  times  (or  the 
speed  of  a train  from  2 meters  to  26  meters  [6 ]/2  to  84 y2  fit.]  per 
second)  the  coefficient  of  friction  gradually  diminishes  from  0.330 
to  0.074,  or  to  less  than  of  the  former  value.  Besides,  the 
same  experimenter  has  observed  that,  in  the  case  of  brakes,  the 
duration  of  contact  has  a decided  influence  on  the  amount  of 
friction  generated,  which  is  a matter  of  considerable  importance 
in  this  instance.  It  was  found  that  the  friction,  or  coefficient  of 
friction,  decreased  from  the  value  0.18  at  the  beginning  of  the 
experiment 

to  0.15  0.13  0.12  0.10 

after  5 10  15  20  seconds. 

Such  variations  must  not  be  neglected,  and  therefore  Morin’s 
theory  will  no  longer  suffice,  or,  to  express  the  matter  with  more 
caution,  in  the  field  above  indicated  it  is  applicable  only  within 
certain  limits.  These  limits,  which  would  exclude  the  necessity 
of  using  more  complicated  formulas  of  general  application,  are 
very  narrow  and  must  be  determined  in  each  particular  case  by 
special  experiments.  It  therefore  appears  necessary,  as  is  fre- 
quently done,  to  give  the  friction  experiment  a place  in  the  series  of 
laboratory  tests  to  which  constructive  materials  are  now  usually 
subjected. 
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A theory  has  been  advanced  in  France  for  the  special  case  of 
journal  friction.  It  assumes  that  the  diameter  of  the  bearing  al- 
ways is  slightly  larger  than  that  of  the  journal,  so  that  the  con- 
tact always  takes  place  along  a generatrix  near  the  plane  in  which 
the  pressure  acts.  The  frictional  resistance  F at  the  circumfer- 
ence of  the  journal  would  then  approximately  equal  Pf , if  P is 
the  load  and  /the  coefficient  of  friction.  This  theory  also  does 
not  hold,  inasmuch  as,  when  the  direction  of  pressure  remains 
unaltered,  the  journal  merely  wears  the  box  oblong  without 
enlarging  its  diameter,  and  besides  it  is  based  on  the  erroneous 
supposition  that  the  intensity  of  pressure  is  without  influence.  The 
value  F—Ff  obtained  is  too  small.  To  be  sure,  in  a number  of 
practical  applications  of  the  formula  this  has  proved  to  be  of  no 
detriment,  since  all  that  was  necessary  was  to  assume  a greater 
coefficient  of  friction ; but  in  many  important  instances  the  formula 
fails  to  account  for  the  experimental  results  obtained. 

The  direction  in  which  a more  accurate  discussion  of  the  sub- 
ject should  proceed  was  first  pointed  out  by  Reye,*  whose  method 
will  here  be  pursued,  though  it  is  carried  still  farther  and  pre- 
sented in  a somewhat  different  form.  When  a cylindrical  journal 
rests  in  a semi-cylindrical  bearing,  which  is  arranged  symmetri- 
cally with  reference  to  the  unchanging  direction  of  pressure 
(Fig.  1),  then  the  pressure  against  the  journal  at  an  angle  p from 

the  axis  of  symmetry  will  be  pr 
dp  /,  if  p is  the  pressure  per  unit 
area,  r the  radius,  and  / the  length 
of  the  journal.  Of  this  force 
only  the  component,  which  is 
parallel  to  P,  offers  resistance  to 
the  latter,  while  that  which  is 
perpendicular  to  the  former  is  counteracted  by  the  component 
which  acts  symmetrically  opposite.  We,  therefore,  have  : 


P—  2 />  r dp  l cos  p,  or  = 2 ^ P cos  P dp  rl. 


* Reye,  “ Zur  Theorie  der  Zapfenreibung,”  Civ.-Ing.  VI,  (i860)  p.  295; 
also  Grove,  “ Berechn.  der  Trag-  und  Stiitzzapfen,”  Mitt.  d.  Gew.-Vereins  f. 
Hannover,  1876.  Heft  6. 
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where  it  still  remains  to  determine  the  relation  which  p bears  to 
p.  On  the  horizontal  projection  of  the  strip  Irdp  the  pressure 
per  unit  area  is  : 

p cos  3 r dp  l 

— , i.  e.  = p , 

l r dp  cos  P 

or,  expressed  in  words,  the  intensity  of  pressure  at  the  circumfer- 
ence is  independent  of  p and  constant  (fig.  2),  being  equal  to  the 
intensity  of  the  pressure  on  the  horizontal  projection  of  the  bear- 
ing surface.  For  a diameter  d of  the  journal,  we  therefore  have  : 


This  peculiar  relation  shows  in  the  first  place  how  erroneous  is 
the  widespread  opinion  that  a wedging  pressure  of  some  magni- 
tude acts  at  the  upper  edges  of  the  box,  and  in  the  second  place 
it  tells  us  that  the  journal  friction  acts  quite  differently  from  what 
Morin  (and  with  him  Poncelet)  supposed.  For,  the  tangential 
force  F at  the  circumference,  which  is  in  equilibrium  with  the 
friction,  will  now  be  given  by: 

F=fP f ‘d=fi-d-2ld=f\P=  i.i7fP, 

which  is  more  than  1 ]/2  times  the  result  obtained  from  the  old 
formula. 

This  expression,  however,  is  only  applicable  to  new  journals,  in- 
asmuch as  experience  shows  that,  under  the  above  supposition  of 
unchanging  direction  of  pressure,  the  journal  in  the  course  of  its 
running  sinks  into  the  box,  Fig.  3.  If  the  journal  is  much  harder 
than  the  bearing,  its  wear  will  at  the  same  time  be  so  slight  that 
the  amount  may  be  neglected.  When  the  depression  has  reached 
the  value  u,  the  amount  of  wear  radially  at  the  angle  p will  be 
u'  — u cos  P .*  The  intensity  of  pressure  p'  at  the  angle/?  will 


* Strictly  speaking  this  is  only  true  when  u is  infinitesimal,  but  the  total 
amount  of  wear  may  be  considered  as  made  up  of  a series  of  such  infini- 
tesimal values,  whence  the  above  sufficiently  accurate  value  follows. 
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therefore  be  smaller  than  for  /?  = o. 


Evidently  u'  is  proportion- 
al to  the  work  done  by  the 
friction  at  the  corresponding 


quently  per  unit  of  time  we 
can  place  u'  = p'  v f d and 
u = p„vf  a,  if  v is  the  cir- 
cumferential velocity  and  a a 


I'l  surface  element,  and  conse- 


Figs.  3 and  4. 


value  depending  on  the  material  and  lubrication.  For  each  par- 
ticular journal  we  can  without  hesitation  place  ' — ° and  then 
obtain 


This  shows  that  the  intensity  of  pressure  between  the  journal 
and  its  bearing  decreases  from  the  bottom  towards  the  upper 
edges  where  it  is  equal  to  zero,  and  we  see  once  more  that 
the  theory  of  a wedging  action  at  these  points  is  without 
foundation.  The  increase  and  decrease  of  intensity  of  pressure 
may  be  represented  graphically  in  several  ways.  We  will  here 
choose  the  method  of  letting  the  intensity  pa  at  the  bottom  be 
represented  by  the  radius  r.  Then  we  shall  have  p = r cos  p, 
and  the  extremities  of  the  radial  lines  which  represent  the  inten- 
sities will  be  located  on  a polar  curve  whose  equation  is 


i.c. , on  a cardioid  (Fig.  4).*  The  sum  of  the  vertical  components 
of  all  the  intensities  p must  now  equal  P,  i.e.,  — p / d,  or 


* More  particularly  a “ pericardioid,”  (see  Releaux : Konstrukteur.  4 Aufl., 
S.  XLV,) 


Po  u 


p = r -f  r cos  13 


4 


O 


hence  we  have 
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or  p — —p0  = 0.785  p0  = 0.785  r,  which  value  is  introduced  in 
4 

the  figure. 

It  is  also  desirable  to  ascertain  the  average  intensity  pm,  which 
acts  radially  on  the  semi-cylindrical  surface  with  the  same  effect 
as  the  force  p'  that  varies  from  o to  pa.  We  have 

7 T 

pmnlr=  2jPo  cos Prldp  = 2 p0rl , 

O 

and  hence 

pm  = —po=  8 p = 0.8 1 p. 

7 r 7 r2 

From  this  we  see  that  the  friction  of  journals  which  have  worn 
down  in  their  bearings  is  less  than  that  of  new  journals.  For, 
the  value  pm  represents  a uniform  intensity  of  pressure  distributed 
over  the  semi-cylindrical  surface  of  the  bearing,  as  did  p in  the 
case  of  new  journals,  and  consequently  the  friction  will  be  cor- 
respondingly reduced  to  the  amount 

F'=*F=  i f^-p=±fP=  i.n  fP. 

7 T*  K*  2 7 r 


This  value  is  still  over  one  and  one-fourth  times  as  large  as 
that  obtained  from  the  old  theory.  It  will  be  noticed,  however, 
that  when  the  journals  of  a machine  are  “ worn  in,”  the  frictional 
resistances  will  be  reduced  by  a considerable  amount,  theoretically 
about  20  per  cent.  In  practice  the  reduction  is,  as  a rule,  still 
greater  since  the  surfaces  in  contact  become  polished,  provided 
that  the  lubrication  is  good  and  the  intensity  of  pressure  not  too 
great. 

If,  under  this  supposition,  we  desire  to  compute  the  friction  for 
a journal  having  a snni-cylindrical  bearing,  more  especially  with 
reference  to  practical  purposes,  we  must  transform  somewhat  the 
expressions  for  F and  F' . If  the  diameter  of  the  journal  is  ex- 
pressed in  millimeters,  the  velocity  at  the  circumference,  in 


meters  per  second,  will  be  v = 


n tt  d 
60 X 1000 


where  n denotes  the 


i94 
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number  of  revolutions  per  minute  \ v = H ^ feet  per  second 

60X12  v 

when  d is  given  in  inches]  ; consequently,  for  new  journals , the 
frictional  effect  will  be  : 


77 - 75  r n 7r  d 7 r P f n d 4.1*1  rzr  r2 P f n d 

r v = — P f — — = meter  kilograms,  Fv  — 

2 60000  120000  I44O 

foot  pounds]  or  approximately 

Fv  = Pf—-  m.  kg,  \Fv  = n foot  lbs.],  while  for  inworn 
1 2000  1 ^ -1 


144 

4 P f n - d 


Pfnd  . rzr,  Pfnd 

. -J- m.  kg,  I r v — 

15000  180 


journals  we  find  = — 

^ 60000 

foot  pounds.)  The  old  theory  gave  for  both  cases 

Fv  — Pf'1  ~ ^ Pfn  <[rFv=  Pfn  - d _ Pfnd~] 
60000  19100  L 7 20  229  J’ 


which  value  is  much  too  small,  as  has  already  been  noted.  To 
express  the  effect  in  horse-power  we  only  have  to  divide  by  75 
[or  55°]  ar*d  thus,  for  the  most  important  case  or  for  inworn 
journals , vve  obtain  the  horse-power  Aj  required  to  overcome  the 
friction  to  be : 


N F'  v Pfnd  Pfnd  Ty Pfnd  Ffnd~ j 

75  75X15000  1 152000  L 7 180X550  99000J 

or,  written  in  a more  convenient  form, 

N z_PflF  [,¥/=, .01  Pf*d~\ 

9 1,000,000  .L  1 00, 000  J 

Example  1.  Assuming  P=  3300  kg  [7277  lbs.],  d = 65  mm., 

8 

[2.56  ins],  n = 100,/=  0.08,  then  we  have  Af=  F X 3300  X 

9 

0.08  X 100  X 65  -I-  1,000,000  = 45,760  -s-  30,000=  I.525  P.  C. 

[1.504  H.P.]  [A y = 1 .01  X 7277  X 0.08  X 100  X 2.56 

-1-100,000  = 1.505  H.P.] 

Example  2.  Locomotive  driving  axle  journals.  P = 6000 
kg  [13230  lbs.],  d — 200  mm.  [7.87  ins.],  n = 200,  f — 0.08 

Q 

will  give  Nf  = — X 6000  X 0.08  X 200  X 200  -f-  1,000,000  = 

9 
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64  X 8-r-  30=17.067  P.C.  [16.83  H.p.];  [A/  = I.OI  X 13,230  X 
O.08  X 7.87  X 200-j- 1 ,000,000  = 16.83  H.P. ] In  a locomotive 
with  four  driving  wheels  the  friction  due  to  the  load  on  the 
journals  alone  will  therefore  equal  4 X 16.83=67.32  H.P.,  apart 
from  that  generated  by  the  horizontal  pressures  exerted  by  the 
pistons.  Since  the  coefficient  of  friction  at  the  instant  the  journals 
are  set  in  motion,  or  when  the  velocity  at  the  circumference  is 
slight,  materially  exceeds  that  which  applies  to  greater  velocities, 
it  is  evident  that  the  power  required  to  start  the  locomotive  will 
be  very  considerable,  which  is  also  a well-known  fact.  New 
journals  would  require  1 times  the  power  just  computed; 
the  result  obtained  from  the  old  theory  would  be  4-19  or  about 
21  per  cent,  too  small. 

Example  3.  A fan  or  ventilator  is  driven  at  the  rate  of  2400 
revolutions  per  minute.  If  the  journals  are  50  mm.  [1.97  in.]  in 
diameter,  and  the  total  pressure  on  both  bearings  is  216  kg 
[476.23  lbs.],  then  the  velocity  will  be  v=  - X 2400  X 50-1-60  X 
1000,  i.e.  over  6 m.  [20  ft.]  per  second,  and,  therefore,  the  co- 
efficient of  friction  will  be  very  small,  say  f—O.04.  We  then 

g 

obtain  Nf=  - X 112  X 0.04  X 2400X  50-5- 1000000  = 0.93  P.C. 

[0.92  H.  P.],  which  shows  that  for  wheels  of  this  kind  the  journal 
friction  is  of  but  little  consequence. 

In  the  above  discussion  we  have  assumed  a semi-cylindrical 
contact,  which,  however,  covers  but  a single  practical  case,  since 
ordinarily  the  surface  of  contact  is  reduced  by  the  application  of 
oil  grooves,  both  at  the  sides  and  bottom  of  the  bearing.  Assum- 
ing that  at  the  bottom  a portion  of  the  circum- 
ference corresponding  to  the  angle  2 and  at 
the  sides  one  represented  by  the  angle  90-/I1  (Fig.  / j \ 

5),  remain  untouched  by  the  journal,  then  we 

should  have  to  substitute  for  o and  — — in  the  /i\  Jjf1 

2 

above  calculation  the  limits  /?„  and  /?,.  We  thus  /9° 


obtain  : 


fig.  5. 


sin  fi  cos  ji0' 


) 


ig6 
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If,  as  before,  we  let  p denote  the  intensity  of  pressure  on  the 
total  projection  of  the  journal,  we  have  P = 2 r l p,  which,  sub- 
stituted in  the  last  formula,  gives 

po  _ 2 

P Pi  — Po  + sin  3,  cos  13,  — sin  f30  cos  ,30' 

As  was  to  be  expected,  this  expression  shows  a material  in- 
crease of  p0  and,  consequently,  also  of  p' , which  is  a matter  of 
importance  as  regards  the  amount  of  friction.  For  determining 
the  average  intensity  p„„  which,  as  before  is  supposed  to  be  uni- 
formly distributed  over  the  semi-cylindrical  surface,  we  now  have  : 

CPi 

pm  ~ r l — 2J  po  cos  P rldP  . 

K 

For  a given  pressure  p0  this  gives 

2 

p,„  — — po  ( sin  P± — sin  PQ), 

or,  when  we  substitute  the  value  of pQ  found  above: 

4 sin  P,  — sin  PQ 

~ P,  — Po  + sin  P,  cos  P,  — sin  Pa  cos  PQ 
Hence  we  can  now  compute  the  friction  for  journals  with  less 
than  semi-cylindrical  contact  from  the  formula : 

F"=fPm  jdl  =fp"‘pdl, 

Z p 

or  F'=f  p’\ 

2 P 

where  we  only  have  to  introduce  the  ratio  of  pm  to  /found  above 
in  order  to  obtain  the  friction.  Comparing  this  value  with  the 
friction  F'  of  inworn  journals  with  semi-cylindrical  contact  we 
have  for  identical/ 

F"  _ -2  pm 
F ~ 8 p ' 

But  the  ratio  p,„  : p decreases  with  a reduced  contact,  a result 
which  at  the  first  glance  would  not  have  been  expected,  and 
consequently  the  reduction  in  contact  corresponds  to  a smaller 
amount  of  friction.  The  table  given  below  shows  the  ratios  of 
intensities  of  pressure,  as  derived  from  the  formulas  for  varying 
angles  of  contact.  The  increased  intensity  of  pressure  on  the 
projected  area  of  the  journal  due  to  decreasing  contact  is  a 
matter  worthy  of  note.  It  evidently  becomes  greater  than  p,  as 
seen  from  the  equation 
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P — 2 pxr  l ( sin  — sin  P0)  — 2 plr 
whence  follows  : 


A J 

p sin  fit  — sin 


VALUES  OF  INTENSITIES  P0,  pm  AND 


01  = 

90° 

75 

0 

6o° 

45° 

30° 

22 

X" 

00  = 

o° 

5° 

o° 

5° 

o° 

5° 

o° 

5° 

o° 

5° 

o° 

5° 

Pa) 
p 1 

1.27 

M3 

1.28 

M5 

i-35 

1 53 

1.56 

1.80 

2.08 

2.54 

2.68 

3-50 

Pa  > 
1-27  P) 

1. 00 

1.12 

I. OO 

1. 14 

1.06 

1.20 

1.22 

Mi 

1.63 

2.00 

2.10 

2-75 

pm) 

P ) 

0.81 

0.84 

0.79 

0.83 

0.74 

0.76 

0.70 

0.71 

0.66 

0.67 

0.65 

0.66 

Pm  ) 
1-27  p\ 

0.64 

0.66 

0.62 

0.65 

O 

Cr\ 

00 

0.60 

0.54 

0-55 

0.52 

0.52 

0.51 

0.52 

Pi  > 
P ) 

1.00 

I. IO 

1.04 

1. 14 

1. 15 

1.28 

Mi 

1. 6l 

2.00 

2.42 

2.62 

2.38 

Pi  ) 

I.27/) 

0.79 

0.86 

0.82 

0.98 

0.90 

I. OO 

I.IO 

1.27 

1 57 

1.90 

2.06 

2.65 

To  facilitate  the  survey,  the  intensities  of  pressure  for  /3,=45° 
and  22  are  represented  graphically  in  Figs.  6 and  7 in  the 
following  manner : A circle  of  radius  pQ  is 
drawn  which  is  to  the  radius  of  the  journal  as 
p0  : 1.27 /(second  line  of  the  table).  The  per- 
pendiculars drawn  from  the  circumference 
of  this  circle  to  the  horizontal  diameter  will 
then  represent  the  values  of  px  (we  have 
p'-^po  = cos'P),  which  are  afterward  set  off 
radially  from  the  circumference  of  the 
journal. 

We  now  arrive  at  the  practical  conclu- 
sions which  can  be  drawn  from  the  above 
investigation  and  will  then  first  point  out 
what  has  already  been  done  in  practice  in- 
dependent of  this  theory.  It  is  a well-known 
fact  that  in  railroad  practice  a decreased 
angle  of  contact  has  long  been  in  use,  in- 
clusive of  the  cutting  away  of  a portion  of 
the  brasses  in  the  shape  of  oil  grooves.  As 
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the  journal  friction  forms  such  an  important  element  of  the  train 
resistance,  it  is  evident  that  practice  has  proceeded  in  the  right 
direction,  which,  however,  is  contrary  to  the  old  theory.  Again,  in 
rolling  mills  it  has  for  a long  time  been  customary  to  employ  a 
small  angle  of  contact,  of  from  one-fourth  to  one-eighth  of 
the  circumference.  The  new  theory  proves  that  this  practice 
is  commendable.  For  in  view  of  the  fact  that  a very  great 
amount  of  power  is  here  consumed  in  a short  space  of  time,  it  is 
evident  that  the  consequent  reduction  of  1 5 to  16  per  cent,  in 
friction  is  a matter  of  great  importance. 

Also  in  locomotives,  where  from  70  to  80  horse-power  are 
spent  in  overcoming  friction  at  the  driving  axles,  a saving  of 
power  might  be  effected  by  decreasing  the  angle  of  contact  of  the 
journals.  The  horizontal  stress  due  to  the  train  resistance  could 
be  provided  for  to  best  advantage  by  the  use  of  special  narrow 
boxes.  Such  separation  of  the  boxes  to  resist  the  pressure  due 
to  weight  and  transmission  of  power  is  often  seen  in  stationary 
engines  of  the  horizontal  type,  and  even  for  the  latter  class  of 
engines  a further  reduction  of  the  arc  of  contact  would,  no 
doubt,  be  advantageous. 

In  all  these  constructions  of  journal  bearings,  the  coefficient  of 
friction  is  dependent  on  the  intensity  of  pressure,  or  the  pressure 
per  unit  area,  and  the  latter  is,  therefore,  not  to  be  chosen  too 
great  if  good  results  are  to  be  expected.  When  the  load  always 
acts  in  one  direction,  p should  not  much  exceed  J^kg  per  square 
millimeter  (700  lbs.  per  square  inch) ; the  better  plan,  however, 
is  to  keep  it  below  this  limit,  when  it  is  possible  to  do  so.* 

It  now  remains  to  ascertain  whether  the  conclusions  drawn 
from  the  above  new  theory  are  corroborated  by  practical  experi- 
ment, apart  from  the  indirect  demonstration  furnished  by  the 
facts  mentioned.  For  this  purpose  a testing  instrument  is  re- 
quired which  must  combine  simplicity  of  construction  with  ease 
of  manipulation.  An  apparatus  of  the  kind  is  the  friction  pendu- 
lum, designed  by  the  author,  and  shown  in  Fig.  8. 

* In  Morin’s  experiments  the  pressure  per  unit  area  was  from  1-40  to  1-10 
kg  per  square  millimeter  only  (from  35  to  142  lbs.  per  square  inches),  which 
explains  why  his  conclusions  have  no  general  application. 
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The  journal  Z , which  is  to  be  tested  in  regard  to  friction,  forms 
a part  of  a small  spindle  which  runs  freely  in  its  bearings,  and  is 
loaded  in  such  a manner,  by  means  of  a pendulum  provided  with 
a heavy  bob  P,  that  the  resultant 
of  all  the  forces  acting  upon  it 
passes  through  the  middle  of  the 
journal;  the  small  auxiliary  jour- 
nal Z'  will,  therefore,  be  nearly 
without  load.  The  bearing  is  so 
arranged  that  it  embraces  one- 
half  of  the  journal  on  one  side, 
while  on  the  opposite  side  the  con- 
tact is  much  smaller — for  instance, 
one-twelfth  part  of  the  circumfer- 
ence. By  means  of  a lever,  H, 
attached  to  the  bearing  (which  is 
made  in  the  shape  of  a cylindrical 
bushing),  it  is  made  possible  to 
bring  the  vertical  pressure  on  one  or  the  other  of  these  arcs  of 
contact.  Stops  are  introduced  which  limit  the  stroke  of  the 
pendulum  to  exactly  the  same  angle  for  each  experiment,  and 
thus  admit  of  a fixed  amount  of  living  force  being  communicated 
to  it.  It  is  only  necessary  to  count  the  number  of  oscillations 
made  by  the  pendulum  from  the  moment  it  is  released  until  it 
stops.  The  resistance  of  the  air  may  be  neglected.  The  num- 
ber of  oscillations  is  then  evidently  proportional  to  the  frictional 
resistance  at  the  journal  Z.  Usually  rest  is  attained  after  15  to 
30  oscillations.  As  a matter  of  fact,  the  ratios  of  the  number  of 
oscillations  corresponding  to  either  position  of  the  bearing  agree 
remarkably  well  with  the  values  pm  : p given  in  the  above  table. 
The  friction  pendulum  may  also  be  utilized  for  numerical  deter- 
mination of  the  coefficients  of  friction  by  the  introduction  of 
boxes  made  of  different  materials,  and  subjecting  them  to  differ- 
ent intensities  of  pressure  with  different  lubricants. 

In  this  connection  another  important  investigation  may  be 
made,  namely,  with  reference  to  the  amount  of  material  that 
wears  away  from  the  bearing  for  different  angles  of  contact. 
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According  to  the  preceding  discussion,  this  amount  is,  in  the 
case  of  semi-cylindrical  contact,  given  by 

U = pQfv  a 

and  for  a smaller  surface  of  contact,  by 

ux  = p0'  fv° 

if  pj  denotes  the  intensity  of  pressure  corresponding  to  an  angle 
of  contact  2(/?,  — /30).  We  consequently  have 

«o  _ pJ_ 

U ~ po 

But  the  amount  of  materials  worn  away  per  unit  of  time  is 
proportional  to  the  projected  bearing  surface  and  accordingly  we 
have  for  semi-cylindrical  contact 

s — u 2r 

and  with  less  bearing  surface 

sz  = uz  2 r (sin  — sin  (J0), 
or,  after  substituting  the  values  found  above 

— = (sin  /3,  — sin  /iQ). 

S po 

Combining  this  equation  with  the  relation  previously  found : 

A _ i 

p sin  /i,  — sin  p0 

we  now  obtain 

£1  = Aj  P_ 

S Po  Pi 

If  we  calculate  this  ratio  from  the  numerical  values  given  in 
the  above  table,  we  obtain  the  following  : 


COMPARISON  OF  WORN  OFF  MATERIAL. 


II  II 

90° 

75° 

6o° 

45° 

OJ 

O 

O 

22  y2° 

o° 

5° 

o° 

5° 

o° 

5° 

o°  50 

0°  50 

0° 

5° 

Si  ) 

s ) 

1. 00 

1.02 

0.97 

1.02 

cq 

On 

d 

0.94 

0.87  0.88 

0.81  0.82 

0.81 

0.81 
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Hence  we  note  the  remarkable  fact  that  for  = o a reduction 
in  the  angle  of  contact  is  always  accompanied  by  a decreased 
amount  of  wear,  while  for  the  case  that  the  bearing  at  the  middle 
has  a groove  io°  wide,  only  in  two  instances  (for  /?x  = 90°  and 
750)  an  increased  wear  is  occasioned.  We  can,  therefore,  con- 
clude that,  with  reference  to  this  point  also,  the  increasing  prac- 
tice of  making  car-axle  boxes  with  less  than  semi-cylindrical 
contact  is  to  be  recommended. 

* 

The  above  investigation  has  reference  to  the  case  when  the 
journal  revolves,  while  the  box  remains  at  rest  relatively  to  the 
direction  of  pressure.  The  reverse  is  not  infrequently  the  case, 
however,  as,  for  instance,  in  vehicles  for  ordinary  roads  where 
the  axle  is  secured  to  the  body,  and  the  box  in  the  shape  of  a 
bushing  fits  into  the  hub  of  the  wheel,  Fig.  9. 

If  no  provision  were  made  for  taking  up  wear,  and  if  we  were 
to  assume  that  the  spindle  alone  could  depreciate,  the  latter  would 
gradually  change  its  shape  into  that  shown  in  Fig.  10,  as  is  some- 
times seen  in  poorly  kept  wagons.  It  is  well  known,  however, 
that  usually  the  spindle  and  bushing  are  made  tapering,  as  in 

Fig.  9,  so  as  to  provide  a means 
of  taking  up  wear  in  the  direc- 
tion of  the  axis,  and  counter- 
act the  play  which  is  very  apt 
to  occur,  owing  to  the  fact  that 
the  bushing  is  of  a softer  ma- 
terial than  the  spindle. 

It  may  finally  be  noted  that  the  above  discussion 
is  still  applicable  when  both  bearing  (Fig.  3)  and 
journal  are  subjected  to  wear.  The  radius  of  the 
journal  then  gradually  grows  smaller  as  it  sinks  into 
the  bearing,  close  contact  always  being  maintained, 
contrary  to  the  old  theory.  The  value  of  r is 
then  no  longer  constant,  but  will  be  the  same  in 
both  sets  of  equations. 

In  the  collection  of  machine  details  at  the  Technical  School  of 
Berlin,  there  is  an  inking-roller  bearing  from  a printing  press 
showing  wear  in  the  manner  indicated  by  Fig.  11.  It  will  be 


Fig.  11. 


Figs.  9 and  10. 


202 


Notes  on  the  Manufacture  of  Steel. 


seen  that  the  journal  diameter  has  materially  decreased  with  the 
wear  of  the  bearing,  while  at  the  same  time  the  average  direc- 
tion of  pressure  has  become  altered.  Also  in  the  boxes  of  shaft 
hangers  with  too  small  bearing  surface  — i.e.,  too  great  intensity 
of  pressure,  such  oblique  depressions  due  to  the  tension  of  the 
belts  may  occasionally  be  seen,  though  not  in  modern  practice, 
owing  to  the  large  wearing  surfaces  usually  adopted. 


NOTES  ON  THE  MANUFACTURE  OF  STEEL 

BY  THE 

THOMAS-GILCHRIST  PROCESS. 

By  F.  Tourdeur,  Engineer  at  Monceau-sur-Sambre. 

A paper  read  before  the  Association  des  Ingenieurs  sortis  de  F Ecole  de  Liege.  {Section  de 
Charleroi .)  Oct.  22,  i8qi . Translated  by  J.  S.  Robeson,  April , i8qj. 

The  Thomas-Gilchrist  patent  for  the  dephosphorization  of  pig 
iron  in  the  Bessemer  converter  was  granted  March  15,  1879. 

The  Dowlais  works  were  the  first  to  use  this  process,  com- 
mencing in  1879;  Easton  followed  next,  in  the  same  year. 

La  Societe  d’Angleur  bought  the  rights  for  Belgium,  and  has 
been  dephosphorizing  since  1879. 

The  Rhine  Steel  Works  and  the  Hoerde  Works  together  pur- 
chased the  rights  for  Germany.  The  first  heat  was  made  in 
September,  1879,  at  the  same  time  in  both  plants. 

In  France,  the  Societe  du  Creusot  dephosphorized  in  the  early 
part  of  1880. 

The  table  below,  taken  from  the  Moniteur  des  Interets  Mat'eriels 
for  1891,  and  giving  the  production  of  basic  steel  for  the  whole 
world,  shows  that  this  process  has  extended  more  rapidly  in  Ger- 
many than  in  all  the  other  countries  of  the  world  taken  together: 
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Year 

Ending. 

England. 

Metric 

Tons. 

Germany 
and  Lux- 
emburg. 
Metric 

Tons. 

Austria. 

Metric 

Tons. 

France. 

Metric 

Tons. 

Belgium, 
Russia, 
et.  al. 
Metric 

Tons. 

Totals. 

Metric 

Tons. 

Oct.,  1879, 
'•  1880, 

1170 

10,000 

CO 

OOGM 

O O 

13,754 

4.771 

3.295 

1220 

50,000 

1881, 

46, 1 20 

200,000 

54.700 

10,480 

24,700 

336,000 

“ 1882, 

109,364 

235,132 

62,214 

12,306 

28,984 

450,000 

“ 1883. 

122,380 

328,909 

85.593 

38,229 

59,262 

634.373 

“ 1884, 

179,000 

440,000 

80,300 

I 13,000 

51,700 

864,000 

1885, 

M5.707 

548,252 

69,262 

130,582 

5L5I4 

945,317 

“ 1886. 

258,466 

784,212 

99.647 

122,71 1 

48,595 

1,313.631 

Dec.,  1887, 

435,046 

1,167,702 

142,409 

210,301 

68,613 

2,024,071 

“ 1888, 

408,594 

1,137,632 

128,438 

222,333 

46,237 

1.953.234 

“ 1889, 

493.919 

1,305,887 

175.755 

222,392 

76,599 

2,274.552 

“ 1890, 

503,400 

L493. 157 

202,315 

240,638 

163.573 

2,603,083 

Totals, 

2,713,166 

7,659.113 

1,126,387 

1,327,743 

623,072 

13.449.481 

It  should  be  noted  that  up  to  1886,  the  year  was  considered  as 
ending  in  October.  The  figures  for  1887,  however,  include  be- 
side the  twelve  months  of  that  year,  the  last  two  months  of  1886. 
Since  that  time  the  year  has  terminated  on  December  31. 

One  of  the  causes  of  the  more  rapid  development  of  the  pro- 
cess in  Germany  than  in  the  other  producing  countries  lies  in  the 
fact  that  at  the  works  of  the  Societe  des  Acieries  du  Rhin,  at 
Ruhrort,  means  were  found  for  making  the  lining  stronger,  which 
previously  had  given  away  very  quickly.  Naturally  this  dis- 
covery spread  very  rapidly  among  the  neighboring  works. 

The  owners  of  the  patent  were,  by  the  terms  of  their  agree- 
ment with  Thomas  and  Gilchrist,  and  on  demand  of  their  licencees, 
compelled  to  furnish  them  with  all  details  of  their  practice. 

In  the  beginning  the  bricks  employed  in  lining  the  converters 
were  made  in  the  following  manner : The  raw  dolomite  was 
crushed,  then  moistened,  forming  a paste  from  which  the  bricks 
were  made  similarly  to  the  ordinary  house  brick.  After  drying 
and  burning  the  resulting  bricks,  of  about  one-third  the  original 
volume,  were  so  twisted  and  deformed  that  at  Rhurort  they  had 
several  workmen  who  endeavored,  by  dressing  the  bricks  with 
small  chisels,  to  bring  them  to  a uniform  size  and  shape  so  that 
they  might  be  laid  one  against  the  other. 
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In  spite  of  all  this  care,  the  metal  leaked  through  the  joints 
during  the  blow,  and  sometimes  the  lining  fell  in  during  the  heat- 
ing up  of  the  vessel. 

The  number  of  heats  on  such  a lining  varied  from  ten  to  fifteen. 
The  bricks  cost  125  francs  a thousand  kilo  ($25.40  per  2240 
pounds). 

The  bottom  was  made  from  the  same  bricks.  It  is  easy  to 
understand  the  difficulties  that  were  met  with  in  handling  such  a 
defective  material,  in  endeavoring  to  make  a cylindrical  mass 
1.2  m.  in  diameter  in  which  dolomite  tuyeres,  often  badly  twisted 
during  the  burning,  had  to  be  set.  It  took  two  or  three  days  to 
get  the  apparatus  ready. 

Later,  needle  bottoms  of  rammed  dolomite  were  used,  though 
for  the  converter  lining  itself  the  method  just  described  was  em- 
ployed until  the  end  of  December,  1880. 

Needle  bottoms  are  those  in  which  the  tuyeres  are  replaced  by 
openings  one  centimetre  £ ")  in  diameter  uniformly  distributed 
through  the  cylindrical  mass.  The  rammed  mass  (dolomite)  was 
made  of  ground  dolomite  which  had  been  fritted  and  afterwards 
mixed  with  ordinary  tar. 

Towards  the  end  of  1880,  great  progress  was  made  in  produc- 
tion and  cost  by  employing  rammed  dolomite  for  vessel  linings. 
This  was  comparatively  easy  to  put  in  and  was  fairly  durable,  but 
it  had  the  disadvantage  of  requiring  a good  deal  of  time  to  put 
in  place.  At  Rhurort  they  again  tried  bricks  made  on  a plan 
which  they  discovered  after  numerous  trials. 

Ordinary  basic  mass  was  pounded  into  iron  moulds,  which 
were  afterwards  closed  as  tightly  as  possible  with  key  bolts  in 
order  to  prevent,  first,  any  contact  with  the  air  before  the  burn- 
ing; second,  the  combustion  of  the  tar  during  the  burning. 

These  bricks,  owing  to  the  absence  of  shrinkage,  preserve 
their  original  form,  hence  the  vessel  linings  can  be  put  in  very 
rapidly  and  stand  very  well.  However,  occasionally,  the  bricks 
would  burst.  It  was  discovered  that  this  trouble  was  caused  by 
the  presence  of  ammonia  in  the  tar. 

The  use  of  a tar  previously  distilled  in  order  to  render  it  free 
from  water  and  ammonia,  and  of  bricks  weighing  25  kilo  (5  5 lbs.). 
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so  that  one  man  could  still  easily  handle  them,  was,  so  to  speak, 
the  last  step  but  one  of  progress  that  has  been  attained,  as  much 
as  regards  the  life  of  the  lining  as  of  the  rapidity  of  its  con- 
struction. At  Ruhrort,  with  vessels  of  six  metric  tons,  the 
renewal  of  a lining  causes  an  interruption  of  17  hours  in  the 
blowing;  the  vessel  life  with  several  repairs  was  from  80  to  100 
heats ; today  they  reach  1 80  heats. 

At  present  at  the  Rhine  steel  works  at  Ruhrort  they  make 
the  lining  with  unburnt  bricks  that  have  been  formed  in  a 
hydraulic  press.  This  process  is  only  applicable  where  they 
work  very  rapidly,  since  the  bricks  on  being  exposed  to  the  air, 
fall  into  dust  at  the  end  of  three  days.  The  rammed  mass  is  no 
longer  used  because  it  requires  a longer  time  to  put  in  place. 
Working  with  only  two  converters,  it  would  be  impossible  to 
operate  night  and  day  without  interruption. 

With  ten-ton  converters  it  would  be  impossible  to  cool  off  the 
apparatus,  tear  out  the  lining,  replace  it  and  heat  up  the  vessel 
without  an  interruption  of  at  least  24  hours. 

In  order  to  do  away  with  this  delay,  Holley  devised  a system 
which  may  be  defined  as  follows : A building  in  which  to  make 
the  linings  and  a building  in  which  to  use  them.  The  application 
of  this  system  seems  to  be  rather  difficult,  since  it  has  not  come 
into  general  use.  The  Athus  steel  works,  which  are  not  now  in 
operation,  were  built  on  the  Holly  plan.  It  is  in  truth  not  an 
easy  thing  to  carry  a converter  weighing  from  45  to  60  metric 
tons,  and  from  4 to  5 metres  (13  to  16  feet)  high  from  one  build- 
ing to  another  on  a car  with  a short  wheel  base  and  on  narrow 
gauge  tracks.  The  base  being  small  and  the  center  of  gravity 
often  coming  outside  the  center  of  the  vessel,  the  carriage  and 
its  load  are  in  danger  of  being  thrown  out  of  the  perpendicular. 
The  carriage  and  its  charge  would  then  be  placed  on  the  plat- 
form of  a hydraulic  ram  located  on  the  floor  of  the  casting 
house  under  each  converter,  in  order  to  raise  the  whole  appara- 
tus at  once.  It  should  be  noted  that  the  operation  is  always  a 
double  one.  It  is  necessary,  first,  to  take  away  one  vessel,  and 
then  to  put  another  in  its  place.  A furthur  difficulty,  it  seems 
to  me,  would  be  to  maintain  constantly  in  working  order  the 
hydraulic  platform  placed  beneath  the  converter,  since  after  each 
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operation  it  would  undoubtedly  receive  the  slag,  which,  spreading 
out  into  the  open  space  between  the  platform  and  the  pavement, 
would  necessarily  fasten  the  latter  down. 

Having  studied  this  system,  I believe  that  it  may  be  modified 
in  view  of  the  following  considerations:  The  lining  of  a basic 

converter  requires  partial  and,  so  to  say,  periodic  repairs  on  three 
different  parts.  The  bottom  section,  while  using  up  three  or  four 
bottoms,  is  renewed  two  or  three  times ; the  lower  and  middle 
sections,  washed  by  the  metal,  are  replaced  simultaneously  with 
the  bottom  section  once  or  twice.  The  repairs  to  the  belly  and 
the  nose  depend  on  the  more  or  less  friable  condition  of  the  lime 
used.  This  latter,  which  should  not  be  silicious,  must  sometimes 
stand  a long  railway  journey.  Dust  is  above  all  hurtful;  mixed 
with  the  slag  it  sticks  to  the  belly  and  nose,  which  in  spite  of  the 
skulling  after  each  heat,  it  finally  closes  up.  This  trouble  is 
greater  if  the  lime  has  commenced  to  fall  when  received.  In 
spite  of  the  care  taken  to  clean  it  from  dust,  the  lumps  which 
appear  to  be  entire  will  break  up  and  form  dust  during  the  blow- 
ing of  the  heat  if  the  lime  has  commenced  to  slake.  It  should  be 
noticed  that  in  concentric  converters  the  slag  rarely  sticks  to  the 
nose,  but  on  the  other  hand,  the  “throwing  out”  is  more  copious 
than  in  eccentric  converters.  The  symmetrical  form  therefore 
appears  to  increase  the  loss ; besides,  in  order  to  have  the  neces- 
sary capacity  to  prevent  the  iron  from  running  out  of  the  appa- 
ratus when  it  is  placed  in  a horizontal  position,  it  is  necessary  to 
increase  its  height,  which  still  further  increases  the  difficulties,  be- 
sides adding  to  the  amount  of  lining  required.  These  facts  being 
established,  let  us  see  how  we  can  render  Holly’s  idea  practical. 
In  order  to  do  this,  we  will  divide  the  converter  into  different 
parts,  to  wit : first,  a bottom  section  containing  the  bottom ; 
second,  a bottom  section  and  middle  section,  plus  a certain 
height ; third,  the  belly  and  nose.  These  different  parts,  previously 
lined,  would  be  placed  on  a hydraulic  car  such  as  is  usually  used 
to  replace  bottoms,  and  could  be  put  in  position  in  their  proper 
order.  The  delicate  part  of  the  operation  would  be,  first,  to 
prevent  the  different  portions  of  the  lining  from  falling  out  while 
the  different  parts  of  the  converter  are  still  separate ; secondly,  to 
preserve  the  smooth  surfaces  of  the  joints.  In  order  to  do  this, 
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angle  iron  should  be  riveted  to  the  apparatus  at  each  joint,  but 
not  as  wide  as  the  lining  is  thick.  Circles  of  wrought  or  cast 
iron  formers,  not  adherent  and  varying  in  radial  dimensions  ac- 
cording to  the  more  or  less  wear  of  the  lining,  would  complete 
the  arrangement. 

If  it  is  desired  to  put  in  place  the  entire  apparatus  cold,  in  sec- 
tions, care  must  be  taken  not  to  crush  the  center  section,  and  very 
solid  formers  must  be  used  at  this  place  in  order  that  they  may 
be  able  to  support  the  overhanging  lining  when  pressure  is 
applied. 

These  operations  appear  complicated  at  first  sight,  but  I be- 
lieve that  in  practice  they  will  not  be  more  so  than  those  that 
they  replace. 

Actually,  the  changing  of  a Thomas  bottom  requires  from 
three  to  four  hours.  The  joint  between  the  bottom  section  and 
the  bottom  is  made  either  by  throwing  in  balls  of  dolomite  by 
hand  through  the  nose  of  the  converter,  which  requires  great 
skill,  or  by  pouring  in,  by  means  of  buckets,  dolomite  mixed  with 
an  excess  of  tar,  so  that  the  paste  shall  be  sufficiently  liquid 
to  run  down  into  the  joint.  This  is  dried  and  the  vessel  heated 
up.  By  this  method  you  have  a vertical  joint  which  must  stand 
a good  deal  of  work,  and,  on  account  of  its  necessary  repairs,  is 
•often  a cause  of  delay. 

By  the  other  method,  the  bottom  and  lower  part,  are  built  up 
in  one  place,  and  the  vertical  joint  is  done  away  with.  There  is, 
in  truth,  a horizontal  joint,  but  it  is  very  easy  to  make,  and,  be- 
sides, does  not  wear  out.  As  to  the  delay,  it  would  be  about  one 
and  one-half  hours,  and  if  it  is  not  necessary  to  heat  up  the  bot- 
tom and  the  vessel,  it  can  be  brought  down  to  about  forty-five 
minutes.  In  practice,  in  order  to  replace  the  bottom  section  and 
bottom,  the  delay  is  at  least  from  8 to  10  hours  for  a ten-ton  con- 
verter ; for  a bottom,  a lower  section  and  a certain  distance  above, 
it  is  about  18  hours.  By  the  new  process,  it  appears,  it  would 
not  be  more  than  about  two  hours.  As  to  the  curve  and  the 
nose,  the  duration  of  the  stoppage  is  very  variable.  It  depends 
altogether  upon  the  greater  or  less  difficulty  that  there  is  in 
breaking  away  the  mass  of  hard  slag.  This  repair  is  often  made  at 
the  same  time  as  that  of  the  bottom  section  ; let  us  suppose  that  it 
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takes  six  hours  more.  If  the  skull  is  very  large,  it  is  hardly  prob- 
able that  this  method  of  operating  would  'be  practicable  unless 
we  give  to  this  part  of  the  converter,  as  well  as  to  the  others,  a 
form  of  construction  which  will  allow  rotation  when  they  are 
separated. 

I give  below  a table  of  delays  which  actually  occur  in  the 
replacing  and  maintenance  of  the  lining  of  a ten-ton  converter, 
supposing  the  apparatus  to  remain  in  place  in  the  casting  house.. 


1 new  bottom  and  new  lining,  . . . . .24  hours. 

2 bottoms  replaced  while  the  vessel  is  hot,  . 7 “ 

1 bottom  and  bottom  section  put  on  a cold  vessel,  . 10  “ 

2 bottoms  replaced  while  vessel  is  hot,  . 7 “ 

1 bottom,  one  bottom  section  and  one  lower  section,  18  “ 

2 bottoms  replaced  while  vessel  is  hot,  . . 7 “ 

For  a belly  and  a nose  when  replacing  a bottom  section,  6 “ 

9 bottoms.  79  hours. 


Suppose  that  each  bottom  lasts  from  18  to  22  heats;  take  a 
mean  of  20  heats  with  40  minutes  per  heat,  which  is  rather  slow 
work.  The  effective  life  of  a lining  would  be  120  hours  for  180- 
heats  of  ten  tons  each.  The  delays  would  amount  to  66  per 
cent,  of  the  working  time.  It  should  be  noted  that  the  life  of  a 
converter  is  not  always  that  given  above  as  a type.  By  the  other 
method  the  probable  delays  would  be  as  given  in  the  following 
table : 

1 bottom  with  a vessel  entirely  relined,  . . .8  hours. 

5 bottoms  with  bottom  sections  replaced  while  vessel 

is  hot, 8 “ 

1 bottom,  bottom  section  and  lower  section,  . . 2 “ 

2 bottoms  and  bottom  sections  replaced  while  vessel 

is  hot,  ........  3 “ 

For  belly  and  nose  while  replacing  the  bottom  section,  3 “ 

9 bottoms.  24  hours. 

Under  the  same  conditions  as  before,  stoppages  would  not  be 
more  than  20  per  cent,  of  the  working  time.  There  is  a good 
chance  that  each  bottom  would  make  a greater  number  of  heats, 
since,  owing  to  the  absence  of  the  vertical  joint,  the  bottom  and 
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bottom  section  form  a true  monolith,  in  place  of  being  in  three 
sections.  It  is  evident  that  the  bottom  would  resist  better  under 
this  latter  condition,  besides  there  would  be  no  stoppages  required 
for  repairing  the  joint. 

I retrace  my  steps  in  order  to  speak  of  the  selection  and 
preparation  of  the  dolomite.  Certain  dolomites  are  friable;  they 
should  be  rejected  because  they  will  cause  great  loss.  Others 
during  the  burning  cinter  and  agglomerate  into  a mass  enclosing- 
unburnt  dolomite.  It  is  necessary  then  to  let  the  cupola  go  out 
and  break  up  this  mass.  This  is  especially  true  of  dolomites  con- 
taining iron,  hence  they  are  not  suitable.  In  the  early  days,  dolo- 
mite was  calcined  in  reverbratory  furnaces  of  which  the  bottom 
was  made  «f  dolomite  and  had  flues  for  draft.  Setting  aside  the 
enormous  expense  for  fuel  and  the  irregularity  of  the  calcination, 
one  was  very  lucky  if  not  compelled  to  tear  the  furnace  down  to 
get  the  material  out,  the  lining  of  which  formed  a veritable 
monolith  with  the  dolomite.  Later  dolomite  was  calcined  in  a 
cupola  lined  with  a rammed  basic  mass.  This  succeeded  so  well 
that  the  same  method  is  generally  employed  today. 

There  are  two  methods  of  calcining  dolomite  in  a cupola.  The 
one,  continuous,  consists  in  charging  alternately  in  the  cupola  in 
thin  layers,  dolomite  and  coke.  This  is  economical  as  far  as  fuel 
is  concerned,  but  it  is  impossible  to  obtain  all  the  dolomite  prop- 
erly calcined  owing  to  the  irregular  descent  in  the  cupola  occa- 
sioned by  the  drawing  out  of  the  calcined  dolomite,  It  requires,, 
besides,  very  careful  workmen  on  the  cupola  and  above  all  for  the 
operations  which  are  to  be  afterwards  carried  out,  as,  for  example, 
to  select  the  properly  burnt  dolomite, which  must  be  sieved  in  order 
to  clear  it  of  the  dust,  and  then  inspected  piece  by  piece.  In  select- 
ing the  properly  calcined  dolomite,  they  are  guided  by  the 
appearance,  the  weight,  and,  in  case  of  doubt,  by  the  fracture.  The 
other  method  is  intermittent.  When  the  cupola  is  completely 
filled,  it  is  lit  and  when  the  fire  reaches  the  top,  it  is  allowed  to 
burn  out.  When  cold,  the  dolomite  is  drawn  out.  Much  of  this 
dolomite  is  strongly  cintered  together  because  an  excess  of  coke 
is  used  in  this  method  in  order  to  be  certain  that  all  the  dolomite 
is  calcined  (this  point  is  exceeded  somewhat).  It  is  also  necessary 
to  have  cupolas  of  larger  diameter  than  in  the  first  process  in 
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order  to  prevent  scaffolds.  This  later  method  requires  more 
coke,  but  it  entirely  does  away  with  the  delicate  operation  of 
drawing,  always  an  uncertain  one,  requiring  much  care. 

The  calcined  dolomite  is  broken  up,  then  crushed,  and  finally 
mixed  with  tar.  It  must  not  be  exposed  to  the  air  any  more  than 
is  possible,  and  above  all  not  to  damp  air.  These  precautions  are 
absolutely  necessary  after  it  has  been  mixed  with  the  tar.  There- 
fore you  can  not  carry  much  of  a stock,  which  is  troublesome 
since  the  complete  relining  of  a converter  takes  from  25  to  40 
metric  tons.  I ought  to  observe  that  when  vessels  are  lined  in 
the  casting  house,  the  dolomite  is  exposed  to  the  steam  made  in 
watering  the  ingot  moulds  and  slag.  This  is  repeated  at  each 
heat  and  can  not  help  but  be  objectionable.  It  can  be  avoided  by 
employing  the  means  indicated  before,  consisting  of  assembling 
in  the  casting  house  the  different  sections  of  the  converter.  Let 
us  now  consider  what  the  composition  of  the  pig  iron  should  be. 

SILICON. 

The  content  of  silicon  varies  according  to  local  circumstances 
from  0.2  per  cent  to  1 per  cent.,  and  even  passes  this  last  limit. 
However,  it  is  preferable  for  it  not  to  reach  1 per  cent.,  for  then 
one  wears  out  the  lining  of  the  converter,  especially  chemically. 
The  silicon  by  its  combustion  develops  a large  amount  of  heat 
which  remains  in  the  bath  and  which,  under  these  conditions,  is 
sufficient  to  cause  the  combination  of  a part  of  the  silica  formed 
with  the  magnesia  of  the  lining,  the  quantity  of  lime  which  has 
been  melted,  doubtless,  being  not  sufficient  to  absorb  the  silica.  If 
the  iron  contains  less  than  0.7  per  cent,  of  silicon,  in  order  to  work 
with  cupola  melting,  it  is  necessary  to  have,  first,  coke  of  the  best 
quality  in  order  to  obtain  metal  physically  very  hot;  since  silicon, 
being  the  element  which  is  burnt  out  first,  will  not  be  able  to  fur- 
nish by  its  own  combustion,  owing  to  its  small  amount,  a suffi- 
cient quantity  of  heat  to  give  the  bath  the  desired  fluidity.  The 
iron  is  then  thick,  the  blast  does  not  work  well  in  the  bath,  since 
there  is  a tendency  to  travel  through  the  metal  in  jets  just  as  it 
enters  the  tuyere  holes. 

Second:  An  increased  amount  of  manganese  is  desirable;  it 
should  exceed  2 per  cent,  when  the  silicon  is  0.4  per  cent ; first  in 
order  to  render  the  iron  more  fluid,  otherwise  there  will  be  violent 
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eruptions  during  the  period  of  decarburization,  and  above  all  that 
this  element  may,  by  its  combustion,  develop  sufficient  heat  so  that 
the  lime  will  commence  to  melt  by  the  time  the  after  blow  begins, 
otherwise  dephosphorization  will  go  on  slowly  and  there  may  be 
danger  of  having  a cold  heat  which  could  not  be  cast  and  would 
be  full  of  blow  holes.  It  should  be  noted  that  the  contents  of 
Silicon,  Manganese  and  Carbon  decrease  when  pig  iron  is 
remelted  in  a cupola. 

For  direct  working  the  iron  should  have  a little  less  silicon.  It 
will  then  blow  very  well  as  it  will  be  very  warm,  physically, 
when  the  blast  furnace  is  working  normally. 

SULPHUR. 

The  content  of  sulphur  is  of  importance  on  account  of  the 
cracks  which  it  may  cause  during  forging.  At  about  o.  io  per 
cent,  of  sulphur,  steels  show  a tendency  to  crack,  and  conse- 
quently, when  using  the  indirect  method,  the  pig  iron  may  con- 
tain as  much  as  o. io  per  cent  of  sulphur,  since  it  is  possible  to 
desulphurize  the  metal  during  the  melting  in  the  cupola  by  using 
a coke  free  from  sulphur ; it  is  necessary  besides  that  the  iron 
should  be  very  manganiferous.  There  is  likewise  a slight 
decrease  of  sulphur  during  the  blowing  in  a basic  converter. 

When  using  direct  metal,  it  is  necessary  to  keep  the  sulphur 
below  o.io  per  cent.  Such  iron  is  not  difficult  to  make  in  a blast 
furnace,  since  the  Thomas  iron  produced  today  varies  from  a 
trace  up  to  .07  per  cent,  of  sulphur.  The  allowable  limit  in  the 
steel  depends  altogether  on  the  use  to  which  it  is  to  be  put.  For 
machinery,  sheet  and  shovel  steel,  that  is  to  say  for  the  steels 
which  will  have  a good  deal  of  work  put  on  them,  it  is  necessary 
to  pay  particular  attention  to  the  sulphur  content.  With  pig  iron 
containing  .06  per  cent,  of  sulphur,  there  will,  however,  be  no 
danger.  There  is  in  use  today  a process  for  desulphurizing  iron 
in  the  liquid  state,  while  in  the  presence  of  manganese.  This  con- 
sists in  holding  the  bath  of  iron,  of  from  70  to  100  metric  tons,  in 
a machine  built  somewhat  like  a converter  of  large  volume.  Em- 
ployed primarily  as  a mixer,  it  was  noticed  that  the  iron  remain- 
ing in  this  apparatus  was  desulphurized.  The  plant  being  once 
erected,  the  expense  for  maintenance  and  labor  does  not  exceed 
TO  centimes  (two  cents)  per  ton  of  iron,  when  the  quantity  treated 
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is  100,000  metric  tons  per  year.  With  this  apparatus,  the  advan- 
tages of  remelting  disappear  entirely  since  you  can  obtain  an  iron 
perfectly  regular  and  containing  as  little  sulphur  as  the  cupola 
could  furnish. 

PHOSPHORUS. 

The  content  of  phosphorus  can  vary  from  1.8  per  cent  to 
about  2.4  per  cent.,  according  to  whether  the  blast  furnace  works 
with  or  without  the  addition  of  puddle  cinder  to  the  burden.  The 
Ilsede  pig  iron  has  2.9  per  cent,  of  phosphorus.  This  amount 
is  unnecessary. 

With  1.8  per  cent,  of  phosphorus,  it  is  necessary  to  have  1 per 
cent,  of  silicon.  This  will  give  a very  strongly  mottled  iron,  grey 
perhaps,  and  manganiferous ; say  from  1.75  per  cent,  to  2 per  cent, 
of  manganese,  otherwise  there  is  danger  of  having  steel  so  cold 
that  you  would  be  unable  to  cast  it.  The  best  iron  for  the  indi- 
rect method  should  contain  about  2.3  per  cent,  of  phosphorous, 
0.7  per  cent,  silicon,  and  1.6  per  cent,  manganese.  For  the  direct 
method  you  will  get  along  equally  as  well  with  a little  less  silicon, 
say  0.1  per  cent,  to  0.2  per  cent.  less.  If  you  exceed  2.3  per  cent, 
of  phosphorus,  you  will  blow  too  hot  and  will  not  dephosphorize 
well  without  chilling  off  by  adding  scrap  or  by  increasing  the 
amount  of  lime;  and  in  order  to  produce  steel  of  a good  quality,  it 
will  be  necessary  to  increase  the  percentage  of  manganese  in  the 
pig  iron. 

MANGANESE. 

The  content  of  manganese  should  not  be  less  than  1.2  per 
cent.  This  should  be  increased  if  you  wish  to  make  steel  of 
extra  quality  and  especially  so  for  extra  soft  steels,  which  on 
delivery  will  be  subjected  to  the  most  severe  cold  bending  tests. 
For  in  that  case  it  is  necessary  to  make  a regular  steel  and  one 
containing  relatively  little  manganese  which  it  is  difficult  to  do 
with  steels  made  with  ferro-manganese. 

CARBON. 

The  content  of  carbon  should  be  that  of  a mottled  to  grey 
pig,  almost  graphitic,  if  you  are  aiming  to  make  extia  soft  steel, 
equal  to  that  produced  in  the  Open  Hearth  furnace.  The  presence 
of  graphitic  carbon  in  the  pig  iron,  as  wrell  in  the  acid  Bessemer 
as  in  the  basic  Bessemer,  tends  to  improve  the  quality  of  the  steel. 
Graphitic  irons  blow  very  well  since  they  are  very  fluid,  and  are 
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■much  less  severe  on  the  lining  of  the  converter.  Is  it  not  possible 
to  attribute  the  superior  quality  of  the  steels  made  from  graphitic 
irons  to  the  following  circumstances  ? — The  bath  being  very  fluid, 
the  air  is  extremely  well  divided  up,  hence  more  of  the  oxygen 
being  so  thoroughly  disseminated  through  the  mass,  meets  those 
■elements  with  which  it  combines  before  attacking  the  iron,  the 
latter  being  protected  by  the  excess  of  dissolved  carbon. 

Passing  now  from  this  examination  of  the  metal  that  can  be 
made,  let  us  indicate  briefly  its  different  uses. 

Extra  soft  dephosphorized  steel  gives  as  results  of  tension 
tests,  from  25  per  cent,  to  29  per  cent,  elongation  with  ultimate 
strengths  varying  respectively  from  48  to  45  kilos. 

A square  bar  having  a section  of  40  mm.  (1  9-16  inches),  after 
having  been  plunged  at  a cherry  red  heat  into  cold  water,  can  be 
bent  around  at  an  angle  of  180  degrees  without  any  sign  of 
crack  or  flaw.  In  order  to  obtain  these  results,  the  steel  must 
contain  very  little  manganese,  0.35  per  cent,  as  a maximum. 

This  steel  welds  perfectly.  The  manufacture  of  spades  is  a 
striking  example.  For  this  purpose,  the  steel  should  not  be  de- 
phosphorized too  much.  The  composition  should  be  somewhat 
as  follows:  Carbon  .12  per  cent.;  phosphorous,  .11  percent.; 
manganese,  .60  per  cent,  and  higher.  The  manufacture  of 
carriage  and  wagon  tires  is  also  another  example  of  the  welding 
powers  of  extra  soft  Thomas  metal.  Steels  not  quite  so  soft 
would  weld  equally  as  well.  Since  1885  soft  steel  has  been  used 
in  France  to  partly  replace  merchant  iron.  The  statistics  for 
1890  show  for  this  country  a production  of  696,583  tons  of 
merchant  iron,  and  284,484  tons  of  merchant  steel. 

Iron  shafting  and  machinery  is  no  longer  manufactured  except 
in  Belgium,  and  in  a part  of  the  French  Ardennes.  The  French 
navy  was  already  using  this  metal  in  1885  in  the  manufacture  of 
its  machinery.  The  manufacture  of  plates  of  this  steel  is  carried 
on  to  a large  extent  and  the  manufacture  of  rails  from  Thomas 
steel  is,  so  to  speak,  a matter  of  ancient  history. 

We  now  come  to  the  manufacture  of  beams  from  soft  steel, 
which  justly  occupies  the  attention  of  all  metallurgists  and  par- 
ticularly of  the  Belgians.  The  situation  can  be  shown  more 
clearly  by  comparing  the  cost  of  Thomas  ingots  in  Belgium,  in 
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Luxemburg  and  in  Longwy,  that  is  to  say,  in  some  of  the  prin- 
cipal producing  centers  which  are  in  a position  to  export  their 
products.  In  order  to  get  at  this  cost  price,  I will  suppose  that 
the  plant  consists  of  three  ten-ton  converters  using  the  direct 
process;  that  the  production  in  12  hours  is  150  tons,  which 
means  a heat  every  forty-two  minutes.  The  number  of  working 
days  per  year  will  be  300,  and  the  ingots  obtained  will  therefore 
be  90,000  tons. 

Labor  for  Twenty-four  Hours. 

(DOUBLE  TURN.) 


Unloading  Stock  : Francs. 

Coal : 45,000  kilo  (99,000  lbs.)  at  one  franc 
(20  cents)  each  10  tons  (22,000  lbs.)  . 4.50 

Lime:  54,000  kilo  (118,800  lbs.)  at  franc 

1.60  (32  cents)  each  10  tons,  . 8.64 

Dolomite  : 16,500  kilo  (36,300  lbs.)  at  franc 

1.25  (25  cents)  each  10  tons,  . . 2.06 

Coke  : 1 3,000  kilo  (28,600  lbs.)  at  franc  1.50 
(30  cents)  each  10  tons,  . . 1.95 

Sundries, 5.00 


Dollars^ 

.90 

i-73 

.41 


•39 

1. 00 


Total, 22.15  4.43 

One-half  of  this  should  be  charged  to  each 

twelve-hour  turn,  ....  11.08  2.22 

FRANCE.  CHARLEROI. 


Name 

No. 

Rate 

Cost  of 

No. 

Rate 

Cost  of 

OF 

of 

per 

Man. 

300  Tons. 

of 

per 

Man. 

300  Tons.. 

Men. 

fr. 

$ 

fr.  I $ 

fr. 

$ 

fr. 

S 

Engineer 

I 

IO 

2.00 

IO  2.00 

7 

1.40 

7 

1.40 

Ass’t  Engineers 

4 

5 

1. 00 

20  ' 4.OO 

4 

.80 

16 

3-5o 

Cost  of 

I 

Cost  of 

150  Tons. 

4 

150  Tons. 

One-half  of  above 

15  3.00 

11  5 

2.30 

Firemen 

2 

4 

.80 

8 1.60 

2 

3-5o 

.70 

7.00 

1.40 

Water  Tenders 

I 

4 

.80 

4 1 .80 

I 

3-50 

.70 

3-5° 

.70 

Ashwheelers 

2 

3-25 

•65 

6.50 1 1.30 

2 

3-25 

•65 

6.50 

1.30 

Spiegel  Cupola  Mel-) 
ter  and  Charger j 

I 

5 

1. 00 

5.00  I. OO 

1 

4.50 

.90 

4-5° 

.90 

Helper 

I 

3-25 

•65 

3-25  -65 

I 

3.00 

.60 

3.00 

.60 

Engineer 

Pig  Iron  Ladle 

1 

45° 

.90 

4.50  .90 

I 

4.00 

.80 

4.00 

.80* 

Weiglimaster 

I 

3-75 

•75 

3-75  75 

I 

3-5° 

.70 

3-50 

.70 

1st  Vesselman 

I 

6.00 

1.20 

6.00  1.20  j 

I 

4-50 

.90 

4-5° 

.90 

2d  Vesselman 

I 

<5.00 

1. 00 

5.00  1. 00 

I 

3.80 

.76 

3.80 

.76 

Runner  or  Trough-men 

2 

3-75 

•75 

7.50!  1.50 

2 

3-50 

.70 

7.00 

1.40 

Ladleman  1st 

I 

5-75 

1. 15 

575  1 ii5 

I 

5.00 

I. OO 

3.00 

I. OO 

“ 2d 

I 

5.00 

I. OO 

5.00 1 1. 00 

I 

4-25 

■85 

4.25 

.85, 

“ 3d 

I 

4-75 

•95 

4751  -95' 1 

I 

4.00 

.80 

4.00 

.80* 
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FRANCE.  CHARLEROI. 


Name 

No. 

Rate 

Cost  of 

No. 

Rate 

Cost  of 

of 

of 

per  Man. 

150  Tons. 

of 

per  Man. 

150  Tons. 

Meii. 

fr. 

$ 

fr. 

S 

fr. 

* 

fr. 

$ 

Pitman  1st 

1 

6.50 

1.30 

6.50 

1.30 

I 

5-50 

I.IO 

5.50 

I.IO 

“ 2d 

1 

5-5° 

I. IO 

5-50 

I. IO 

I 

4-75 

•95 

4-75 

•95 

“ 3d 

1 

5-25 

1.05 

5-25 

1.05 

I 

4.25 

.85 

4-25 

■8.5 

“ 4th 

1 

5.00 

I. OO 

$.00 

I. OO 

I 

4.00 

.80 

4.00 

.80 

“ 5th 

1 

4-75 

•95 

4-75 

•95 

I 

4.00 

.80 

4.00 

.80 

Ingot  Handlers 

4 

4-25 

•85 

7.00 

3-40 

4 

4.00 

.80 

16.00 

3.20 

Weigher  and  Marker... 

1 

4-5° 

.90 

4.50 

.90 

I 

4.25 

.85 

4.25 

.85 

Hyd.  Valves-men 

1 

5.00 

I. OO 

5.00 

1. 00 

I 

4-5° 

.90 

4.50 

.OO 

it  a a 

1 

4-75 

•95 

4-75 

•95 

I 

3-75 

•75 

3-75 

•75 

“ “ boys 

2 

2.00 

.40 

4.00 

.80 

2 

2.00 

.40 

4.00 

.80 

Blowing  Engineer 

1 

5.00 

I. OO 

5.00 

I. OO 

I 

450 

.90 

4-5° 

.90 

Helper-boy 

1 

2.50 

.50 

2.50 

•5° 

I 

2.25 

•45 

2.25 

•45 

if  a 

1 

2.20 

•44 

2.20 

•44 

I 

2.00 

.40 

2.00 

.40 

Engineer  Pressure 

1 

4-25 

•85 

4-25 

•8.5 

I 

3-5o 

.70 

3-50 

.70 

“ Blowers 

1 

4.00 

.80 

4.00 

• 80 

I 

3.00 

.60 

3°° 

• 60 

Cinder  man 

1 

4.00 

.80 

4.00 

.80 

I 

3-5o 

.70 

3-50 

.70 

Clean-up  under  vessels.. 

4 

4.00 

.80 

6.00 

3.20 

4 

3.60 

•72 

14.40 

2.88 

Oiler  for  Cranes 

1 

3-25 

•65 

3-25 

.65 

I 

300 

.60 

3.00 

.60 

Lime  Charger 

1 

4.50 

•95 

4.50 

.90 

I 

4.00 

.80 

4.00 

.80 

Messenger  for  the  two 

Foremen 

1 

2.00 

.40 

2.00 

.40 

I 

t-75 

•35 

i-75 

•35 

Test-smith 

1 

5.00 

I. OO 

^5.00 

I. OO 

I 

4.25 

.85 

425 

.85 

Helper 

1 

2.00 

.40 

2.00 

.40 

I 

i-75 

•35 

i-75 

•35 

Tool-smith 

1 

4.50 

.90 

4.50 

.90 

I 

3.80 

.76 

3.80 

.76 

Striker 

1 

3-25 

•65 

3-25 

.65 

I 

3.00 

.60 

3.00 

.60 

Refractories  Foreman... 

1 

8.00 

1.60 

8.00 

1. 60 

I 

6.00 

1.20 

6.00 

1.20 

Dolomite  Cupola,  1st.... 

1 

4-75 

•95 

4-75 

•95 

I 

3-75 

•75 

3-75 

•75 

“ 2d.... 

1 

4-5o 

.90 

4-50 

.90 

I 

3-25 

.65 

3-25 

•<>5 

“ 3d.... 

2 

3-50 

.70 

7.00 

1.40 

2 

3.00 

.60 

6.00 

1.20 

Engineer  Dolomite 

Grinding  Mill 

1 

4.00 

.80 

4.00 

.80 

I 

3.00 

.60 

3.00 

.60 

Helpers 

3 

3-75 

•75 

1.25 

2.25! 

3 

3.00 

.60 

9.00 

1.80 

Bottom  man,  1st 

1 

6.00 

1.20 

6.00 

1.20 

I 

4.50 

.90 

4-5° 

.90 

“ “ 2d 

1 

5.00 

1. 00 

5.00 

1 .00 

I 

4.00 

.80 

4.00 

.80 

“ “ 3d 

3 

3-5° 

.70 

10.50 

2.10  j 

3 

3.00 

.60 

9.00 

1.80 

Heater- — Fireman 

1 

2.00 

.40 

2.00 

.40 

1 

2.00 

.40 

2.00 

.40 

Dolomite  Brickmaker... 

1 

5.00 

I. OO 

5.00 

1. 00 

I 

4.00 

.80 

4.00 

.80 

“ “ 2d 

1 

4.50 

.90 

4-5° 

.90 

I 

3-50 

.70 

3-50 

.70 

“ “ 3d 

1 

3-5o 

.70 

3-50 

.70 

1 

3.00 

.60 

3.00 

.60 

“ “ 4th 

1 

3-25 

•65 

325 

.65 

I 

3.00 

.60 

3.00 

.60 

Stopper-maker 

1 

5.00 

1. 00 

5.00 

1. 00 ; 

I 

4.00 

.80 

4.00 

.80 

Boss  Mason 

1 

8.00 

1.60 

8.00 

1.60 

I 

6.00 

1.20 

6.00 

1.20 

Mason 

4 

5.00 

1. 00 

5.00 

1. 00  ; 

1 

4-5o 

.90 

4.50 

.90 

1 

I 

4.25 

•85 

4.25 

.85 

it 

2 

4.00 

.80 

4.OO 

.80 

Helpers 

2 

3-50 

.70 

7-00 



1.40 

2 

3.00 

.60 

6.00 

1.20 

“ 

4 

3-25 

.65 

13.00 

2.60 

4 

2-75 

•55 

1 1. OO 

2.20 

Foreman  Repair  Gang.. 

1 

5.00 

I. OO 

5.00 

1. 00 

I 

4.00 

.80 

4.00 

.80 

Helpers 

4 

3-25 

■65 

13.00 

2.60 

4 

3-25 

•65 

13.00 

2.60 

Unloading  Stock 



11.08 

2.22  1 



n.08 

2.22 

5 
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At  Dudelingen  they  recarburize  by  means  of  briquettes  of 
anthracite,  and  similar  trials  in  England  and  Westphalia  have 
given  excellent  results.  The  disappearance  of  the  Spiegel  cupola 
in  a short  time  may  therefore  be  prophesied.  In  this  particular 
there  will  be  an  economy ; and  besides  the  steel  thus  obtained  is 
of  a superior  quality  to  that  produced  when  employing  spiegel 
as  a recarburizer  as  this  always  causes  a little  of  the  phosphorous 
to  pass  back  into  the  steel. 

COST  OF  CONVERSION  (FROM  MOLTEN  IRON  TO  INGOTS)  AND 
COST  OF  INGOTS  PER  TON. 


PER  TON  OF  STEEL. 

CHARLEROI. 

LIEGE. 

DUDELINGEN. 

LONGWY. 

fr. 

$ 

fr. 

$ 

fr. 

$ 

fr. 

$ 

Iron  : ioo  to  200  kilo.  Loss  (220 

55.46  fr. 

48.50  fr. 

52' fr. 

to  440  lbs.)  16%  to  20 at 

per 

ton. 

per 

ton. 

per 

ton. 

57.75  fr.  (Si  1.55)  per  ton 

U.55 

2.31 

11.09 

2.32 

9.70 

I.94 

10.40 

2.08 

18.03  fr. 

17-55  fr- 

Coal:  150  to  165  kilo  (330  to  363 

per 

ton. 

per 

ton. 

lbs.)  at  12.50  fr.  per  ton  ($2.50) 

2.07 

.414 

2.07 

.414 

2.98 

•596 

2.90 1 .58 

18.75  fr- 

24.03  fr. 

23-55  fr- 

Coke  : 40  to  45  kilo  (88  to  99  lbs.) 

per  ton. 

per 

ton. 

per 

ton. 

at  20  fr.  per  ton  (S4.00) 

.90 

.18 

•85 

•17 

1.09 

.218 

1.06 

.212 

Dolomite  : 55  to  60  kilo  (88  to  99 

6 fr.  per  ton. 

lbs.)  at  20  fr.  (S4.00)  per  ton... 

•30 

.06 

.?o 

.06 

•36 

.072 

Lime:  180  to  190  kilo  (396  to 

11 

fr. 

418  lbs.)  18  to  19%  at  8 fr. 

8 fr.  per  ton. 

per  ton. 

per  T ($1.60) 

1.62 

•324 

2.09 

.418 

2.09 

.418 

Tar:  5 to  6 kilo  (11  to  13  lbs.) 

about  1 gallon  at  7 fr.  ($1.40).. 

0.42 

.084 

Fire  Brick,  Sand,  etc 

0.85 

.17 

Moulds  and  Stools 

0.95 

.19 

Black  Lead  Stoppers 

°-35 

.07 

Sundries 

1.40 

.28 

Railroad  Expenses  (Shifting).. 

.IO 

.02 

8.66 

i-73 

28.66 

1-732 

Salaries 

2.09 

.418 

plus 

plus 

General  Expenses 

O.5O 

.IO 

0.14 

.028 

Amortissment 

0.50 

.IO 

0.30 

.06 

0.35 

.07 

Recarburizers : 5 to  6 kilo  (11  to 

0.10 

.02 

13  lbs.)  ferro-manganese  0.5  to 

.6  c/c , 250  fr.  per  ton 

25-50 

.^O 

0.05 

.OI 

25.10 

5.01 

25.12 

5 02 

6. 1 1 

5.22 

Less  Value  of  Slag 

D 

3.00 

.60 

3.00 

.60 

3.00 

.60 

Cost  of  Conversion 

22.10 

4.4I 

22.12 

4.42 

23.11 

4.62 

Add  Cost  of  Iron 

57-75 

11-55 

about 

48.50 

9.70 

52.00 

IO.4O 

79.85 

77-85 

70.62 

75-ii 

Cost  per  Ton  of  Ingots 

15-96 

15-57 

I£.I2 

15.02 
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It  is  possible  to  still  further  reduce  the  labor  cost  by  working 
the  “ refractory  ” plant  on  day  turn  only.  It  would  then 
be  necessary  to  increase  the  number  of  men,  but  the  chiefs, 
the  first  and  second  hands,  would  be  replaced  by  ordinary 
laborers. 

COST  OF  CONVERSION  (FROM  MOLTEN  METAL  TO  INGOTS)  AND 
COST  OF  INGOTS  PER  TON. 


The  coal  and  coke  being  taken  at  the  current  price  (March,  1892),  8 francs  ($7.60), 
for  the  coal  on  cars  at  the  mines,  and  14  francs  ($2.80)  for  the  coke 
on  cars  at  Bracquegnies  and  Tilleur. 


PER  TON  OF  STEEL. 

CHARLEROI. 

LIEGE. 

DUDELINGEN. 

LONGWY. 

fr. 

$ 

fr. 

$ 

fr. 

$ 

fr. 

$ 

Iron  : Loss  100  to  200  kilo 

(220  to  440  lbs.)  16  to 

50.26  fr. 

43.30  fr. 

46.60  fr. 

20%  at  5 2. 51  francs  per 

per 

ton. 

per 

ton. 

per  ton. 

ton  ($10.51) 

10.51 

2.10 

10.05 

2.01 

8.66 

1732 

9-32 

I.864 

Goal : 150  to  165  kilo  (330 

14.035  fr. 

13-55  fr- 

to  363  lbs.)  at  8.50  fr. 

per  ton. 

per  ton. 

per  ton  ($1.70) 

1.40 

.28 

1.40 

.28 

2.32 

.464 

2.24 

.448 

Goke : 40  to  45  kilo  (88 

1475  fr. 

20.035  fr- 

19-55  fr- 

to  99  lbs.)  at  16  francs 

per  ton. 

per  ton. 

per 

ton. 

per  ton  ($3.20) 

0.72 

.14 

.67 

■134 

.90 

.18 

.88 

.176 

Dolomite:  55  to  60  kilo 

(121  to  132  lbs.)  at  5 

6.00  fr. 

per  ton. 

francs  per  ton  ($1.00).... 

■30 

.06 

0.30 

.06 

0.36 

.072 

Lime:  i8oto  i9okilo(396 

to  418  lbs.)  18  to  19% 

1 1 fr.  per  ton. 

at  8 fr.  per  ton  ($1.60).. 

1.62 

•324 

8.00 

2.09 

.41S 

2.09 

.418 

Tar:  5 to  6 kilo  about  I 

gallon  at  7 francs 

0.42 

.084 

Fire  Brick,  Sand,  etc 

0.85 

.17 

Moulds  and  Stools 

0.95 

. 19 

Black  Lead  Stoppers 

0.35 

.07 

Railroad  Expenses,  Sh’p’g 

O.IO 

.02 

Sundries 

1.40 

.28 

Salaries 

2.09 

.418 

8.66 

1732 

8.66 

1732 

General  Expenses 

0.50 

.10 

plus 

plus 

Amortissment 

0.50 

.10 

0.14 

.028 

Recarburizers,  ferro-man- 

0-35 

.07 

ganesse,  0.5  to  0.6  % 

O.IO 

0.02 

2.50  francs  per  ton 

1.50 

•30 

0.30 

.06 

0.05 

.OI 

23.21 

4.642 

23.23 

4.646 

24.19 

4.838 

Less  value  of  slag 

3.00 

.60 

3.00 

.06 

3.00 

.60 

Cost  of  Conversion 

20.21 

4.042 

20.2  3 

4.04 

21. IQ 

4.238 

Add  Cost  of  Iron 

52.55 

16.51 

about 

43-3° 

8.66 

46.60 

9-32 

14-552 

13-98 

12.706 

13-558 

Cost  per  ton  of  Ingots 

72.76 

69.92 

6353 

6779 

2 I 8 
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The  cost  price,  which  will  vary  one  or  two  francs  (20  to  40 
cents)  between  the  different  works,  depending  on  such  local 
details  as  may  arise,  is  based  on  an  annual  production  of  90,000 
of  ingots.  This  quantity  could  be  increased  to  140,000  tons  by 
making  a heat  every  half  hour,  if  the  two-thirds  were  used  up 
in  the  manufacture  of  beams.  This  increase  in  the  production 
would  require  only  a few  extra  workmen,  viz.:  two  firemen,  one 
water  tender,  one  test-smith,  four  men  on  refractories,  and  one 
mason,  in  all  nine  men  for  an  increase  of  55  per  cent. 

The  prices  for  the  coal  and  coke  were  those  current  in  the 
summer  of  1890.  The  calculated  cost  of  the  pig  iron  at  Char- 
leroi, is  based  on  coke  costing  18  francs  ($3.60)  on  cars  at 
Bracquegnies ; for  Duffelingen  and  Longwy,  18  francs  on  cars 
at  Tilleur. 

The  coke  delivered  at  the  three  works  would  therefore  cost 
respectively,  20  francs,  ($4.00);  24.03  francs  ($4.81),  and  23.55 
francs  ($4.71).  The  figures  that  I have  taken  for  Dudelingen 
and  Longwy  are  certainly  the  maximum  one  for  this  time,  since 
both  works  have  several  sources  of  supply  that  they  could  put 
in  operation,  which  in  many  circumstances  would  permit  them 
to  obtain  lower  prices  the  Belgian  coke  workers  offer  to  the 
native  works. 

90,000  tons  of  ingots  require  108,000  tons  of  pig  iron  which 
will  represent  the  production, 

First — Of  five  blast  furnaces  using  cinder  on  their  burden,  and 
presuming  that  they  each  have  a daily  output  of  65  tons  and 
work  350  days  in  the  year.  Sixty-five  tons  per  day  is  an  enor- 
mous production  as  the  use  of  cinder  requires  very  slow  working 
in  order  to  obtain  regularly  an  iron  of  the  proper  quality. 

Second — Not  quite  the  entire  output  of  four  blast  furnaces 
using  the  brown  hematites  of  Luxemburg  and  making  90  tons 
per  day.  For  Longwy  more  than  four  blast  furnaces  will  be 
required,  since  the  ores  are  very  silicious.  The  iron  made  on 
Sunday  must  be  remelted  in  the  cupola,  and  the  cost  will  be 
slightly  increased  by  this  fact.  It  would  perhaps  be  as  well  to 
look  into  the  matter  and  see  if  it  would  not  be  preferable  to  stop 
the  blast  furnace  over  Sunday:  if  you  can  maintain  the  quality  of 
pig  iron  in  starting  on  Monday,  there  will  be  an  advantage 
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in  so  doing  according  to  information  received  from  very  reliable 
sources. 

The  average  price  of  rolling  steel  with  Gjers  pits  and  reversing 
engines  would  be  about  13  francs  ($2.60)  a ton  for  the  works  at 
Charleroi  and  Liege,  when  the  weight  of  the  smallest  mill  bars  is 
not  less  than  15  to  20  kilos  to  the  running  metre  (say  30  to  40 
pounds  per  yard).  The  finished  beams  would  cost  then  92.50  to 

93.50  francs  ($18.50  to  $18.70)  a ton,  or  a thousand  kilos  at 
Charleroi,  80.50  to  90.50  francs  ($16.10  to  $18.10  a ton)  at  Liege, 
as  long  as  puddle  cinder  can  be  obtained  in  sufficient  quantities, 
or  on  the  discovery  and  use  of  an  ore  cheaper  than  the  one  used 
today,  and  with  which  slags  need  not  be  used.  By  increasing 
the  cost  of  rolling  two  francs  (40  cents),  the  cost  of  the  beams 
for  Dudelingen  and  for  Longwy  would  be  respectively  85.50  to 

89.50  francs  the  thousand  kilo  ($17.10  to  $17.90  per  ton),  accord- 
ing to  the  market  price  of  coal  and  coke.  In  March,  1892,  the 
price  per  ton  of  beams  was  respectively,  at  Charleroi,  85.50  to 

86.50  francs  ($17.10  to  $17.30  per  ton),  at  Liege,  82.50  to  83.50 
francs  ($16.50  to  $16.70  per  ton);  at  Dudelingen,  78.50  ($15.70); 
at  Longwy,  82.50  to  83.50  francs  ($16.50  to  $16.70  per  ton). 

The  production  of  puddle  cinder  implies  the  manufacture  of 
puddle  iron.  Now,  I think,  that  one  can  say  that  this  will  dis- 
appear little  by  little.  It  is  very  difficult  to  decide  on  this 
struggle  for  existence  and  on  the  customs  of  buyers. 

As  to  price,  can  it  not  be  said  a priori  that  the  advantage  will 
always  be  on  the  side  of  steel,  if  the  following  points  are  taken 
into  consideration  ? In  order  to  produce  from  pig  iron  a metal 
susceptible  of  being  rolled  or  forged,  it  is  necessary  first  to  main- 
tain it  in  a liquid  state  so  that  the  chemical  actions  may  take 
place,  consequently  it  must  be  furnished  with  heat ; secondly,  to 
mix  the  materials  that  are  being  transformed  in  order  to  establish 
the  contact  between  the  chemical  elements  which  are  to  produce 
the  reaction,  and  so  to  obtain  the  result;  thirdly,  to  use  a refining 
agent. 

The  first  is  very  costly  in  the  puddling  furnace ; it  is  free  in 
the  converter.  The  second  is  produced  in  the  puddling  furnace, 
with  very  few  exceptions,  by  manual  labor  on  small  quantities, 
whilst  in  the  converter  very  large  quantities  are  acted  upon  by 
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the  aid  of  very  powerful  engines,  the  steam  expense  of  which 
can  be  still  more  decreased  by  employing  triple  expansion  engines 
which  will  be  possible  by  using  the  boiler  of  Prosper-Hanrez. 
The  third  costs  a little  in  the  puddling  furnace,  whilst  it 
is  free  in  the  converter.  The  loss  in  finished  product  will  be 
greater  when  using  the  puddling  furnace  than  when  using  the 
converter,  and  it  is  almost  impossible  to  hope  to  reach,  by  means 
of  the  puddling  furnace,  the  quality  obtained  by  the  converter. 
The  difference  in  value  of  the  two  finished  products  will  then 
more  than  ma.ke  up  the  difference  in  price  between  the  two  sorts 
of  pig  iron. 


SHALL  THE  COLLEGE  GRADUATE  ENTER  THE  UNITED 
STATES  CIVIL  SERVICE? 

As  the  student  nears  the  close  of  his  course,  the  idea  of  enter- 
ing the  Civil  Service  is  sure  to  be  presented  to  him  in  some  form 
or  other,  and  so  at  this  time  a few  words  on  the  subject  may  not 
be  out  of  place. 

There  is  a sentimental  attraction  about  the  City  of  Washington 
that  makes  it  dear  to  the  heart  of  every  true  American,  for  it  is 
the  Scene  of  action  of  legislative  forces  which  affect  the  entire 
country,  and  there  is  a fascination  in  the  very  thought  of  living 
in  the  place  where  the  men  whose  words  and  deeds  fill  our  news- 
papers walk  about  like  ordinary  mortals.  It  is  a favorite  place 
for  excursions  and  gatherings  of  all  kinds,  and  thus  most  of  us 
have  already  visited  it.  If  so,  its  wide,  clean,  shady  streets  and 
magnificent  public  buildings ; its  social,  easy-going  population 
and  mild  climate,  make  an  impression  not  easily  forgotten. 

The  Government  employs  at  Washington,  in  various  capacities, 
between  twenty  and  thirty  thousand  people  drawn  from  every 
State  and  Territory  in  the  Union.  In  the  departmental  service, 
with  which  we  are  chiefly  concerned,  the  hours  are  from  nine  to 
four,  with  half  an  hour  for  lunch.  One  month  vacation,  and  one 
month  sick  leave  are  allowed  per  year  with  full  pay.  A furlough 
without  pay  may  usually  be  had  by  special  application,  and  pay 
during  a period  of  sickness  of  several  months  is  sometimes 
allowed.  The  work  itself  is  mainly  of  a routine  nature  which 
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soon  becomes  rather  dull,  and  from  which,  as  a rule,  very  little 
knowledge  of  value  can  be  acquired.  In  the  interest  of  the 
Government  it  is  necessary  that  this  should  be  so,  for  a man  who 
has  spent,  say  five  years,  examining  stove-lifters  or  adding  columns 
of  figures,  will  accomplish  much  more  if  left  where  he  is  than  if 
transferred  to  another  department.  The  pay,  in  nearly  all 
branches  of  the  service,  is  good  for  the  work  done,  being  usually 
from  50  to  100  per  cent,  better  than  that  received  for  similar 
work  in  business  offices. 

These  considerations  draw  crowds  of  office  seekers  to  Wash- 
ington each  year,  and,  according  to  the  motive  impelling  them, 
they  may  be  divided  into  three  classes. 

First,  those  who  come  merely  because  the  pay  is  better  and 
more  certain  than  they  can  get  elsewhere. 

Second,  those  who  could  do  better  outside,  but  are  attracted 
by  the  short  hours  and  rather  lazy  life. 

Third,  those  who  take  office  as  an  easy  means  of  livelihood 
while  they  are  pursuing  some  special  branch  of  study. 

The  collegiate,  sad  to  say,  is  to  be  found  among  the  first  and 
second  class,  as  well  as  among  the  third.  Most  of  the  positions 
which  attract  the  graduate  (with  the  exception  of  the  higher 
political  ones)  are  in  the  classified  Civil  Service,  and  are  filled  by 
means  of  a competitive  examination,  open  to  every  American 
citizen. 

While  a large  number  of  collegiates  occupy  clerk  and  copyist 
positions,  which  in  themselves  require  only  a common  school 
education,  we  will  confine  ourselves  to  the  consideration  of 
places  with  stricter  requirements,  and  where  more  or  less  of  the 
knowledge  gained  in  a University  course  is  brought  into  play. 

The  chief  positions  of  this  kind  are:  Assistant  Examiner, 
Patent  Office;  Topographical  Aid  or  draftsman,  Geological 
Survey ; Architectural  Draftsman,  Office  of  the  Supervising 
Architect  of  the  Treasury;  Mechanical  Draftsman,  Patent  Office; 
and  Computer  in  either  Geological  or  Coast  Survey  or  Naval 
Observatory.  Between  three  and  four  hundred  examinations  are 
held  each  year ; of  these  about  one-fourth  are  held  in  Washing- 
ton, and  the  rest  scattered  throughout  the  States  as  the  number 
of  applicants  from  any  locality  make  advisable.  Application 
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blanks  and  information  regarding  examinations  can  be  obtained 
from  the  Secretary  of  the  Civil  Service  Commission.  The 
examinations  are  very  impartial,  and  the  papers  are  marked  with- 
out the  examiner  knowing  to  whom  they  belong,  so  that  to  this 
point  there  is  no  “ influence  ” that  can  be  of  any  value.  However, 
after  the  examination  is  passed  and  the  persons  name  placed  on 
the  eligible  list,  he  may  be  appointed  to  fill  any  vacancy  that 
occurs,  even  though  there  are  many  others  waiting  who  out- 
ranked him  in  the  examination.  In  the  clerk  and  copyist  posi- 
tions, where  the  number  on  the  eligible  list  runs  up  into  the 
thousands,  there  is  very  little  chance  of  obtaining  a position 
without  influence  to  secure  the  appointment,  but  in  the  high-grade 
positions,  which  we  are  considering,  the  proportion  of  the 
applicants  to  vacancies  is  much  smaller,  and  persons  are  very 
frequently  appointed  without  any  influence  whatever.  In  fact, 
special  examinations  are  occasionally  held  to  fill  positions  for 
which  there  are  no  eligibles.  Let  us  now  take  up  the  above 
mentioned  positions  more  in  detail. 

The  position  of  Fourth  Assistant  Examiner  in  the  Patent  Office 
offers,  perhaps,  more  inducements  in  the  way  of  opening  up  a 
career  than  any  of  the  others.  The  career  in  prospect  is  that  of 
a patent  lawyer.  As  soon  as  appointed,  the  Examiner  is  assigned 
to  some  suitable  division,  if  he  is  a Civil  Engineer,  perhaps  to  the 
Department  of  Bridges  or  some  similar  work,  if  a Mechanical 
Engineer  or  Electrical  Engineer,  he  is  given  work  that  would 
come  under  those  heads  as  far  as  possible.  He  receives  the  draw- 
ings and  models  of  the  article  for'which  a patent  is  wanted  and 
goes  over  them  carefully,  first  to  see  if  it  is  a tiseful  invention  and 
therefore  patentable,  and  then  to  see  if  it  infringes  on  something 
already  patented.  It  usually  will  infringe  in  some  detail  or  other  ; 
the  Examiner  then  rejects  the  application,  stating  his  reasons 
therefor,  and  a new  application  must  be  made  out.  ' The  wording 
of  these  applications  is  an  important  matter,  and  for  this  purpose 
a Patent  Attorney  is  usually  employed  by  the  inventor.  The 
training  and  knowledge  of  patent  law  which  the  Examiner  gets 
in  the  course  of  his  work,  fits  him  almost  in  itself  for  the  posi- 
tion of  patent  lawyer.  Most  of  the  Examiners  enter  the  service 
with  a future  of  that  sort  in  view,  and  supplement  their  work  by 
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attending  evening  lectures  on  law,  which  are  always  to  be  had  in 
the  Winter  in  Washington.  However,  an  Examiner  is  not 
allowed  to  practice  patent  law  for  two  years  after  leaving  the 
Government  service;  and  this  fact  often  proves  a serious  barrier 
to  advancement,  especially  if  the  intending  lawyer  has  lived  up 
to  the  full  extent  of  his  income,  as  it  is  the  general  tendency  of 
the  Government  employe  to  do.  The  Fourth  Assistant  Exam- 
iner receives  a salary  of  $ 1 200  per  year,  and  has  a chance  of  pro- 
motion successively  to  the  positions  of  Third,  Second,  and  First 
Assistant,  and,  finally,  to  that  of  Chief  Examiner.  The  increase 
in  salary  is  $200  per  year  with  each  promotion  up  to  the  position 
of  First  Assistant.  The  Chief  Examiner  receives  $2500  per  year. 
Whenever  it  is  made  necessary  by  vacancies,  examinations  for 
promotion  are  held,  and  positions  are  usually  given  to  those 
standing  highest  in  the  examination.  If  the  assistant  works 
reasonably  hard  and  passes  good  examinations,  he  will,  perhaps, 
be  promoted,  on  an  average,  once  in  two  years  until  he  becomes 
First  Assistant  on  a salary  of  $1800  per  year.  The  position  of 
Chief  Examiner  is  still  open  to  him,  but  the  probable  time  of 
getting  it  is  rather  indefinite.  This  is  the  highest  position  that 
he  can  reach  by  means  of  examinations. 

The  applicant  for  the  position  of  Fourth  Assistant  is  examined 
in  the  following  subjects  which  are  made  of  equal  weight  in  the 
marking : 

1.  Physics.  3.  Mathematics  and  Chemistry. 

2.  Technics.  4.  Mechanical  Drawings. 

The  requirements  in  Physics  are  not  more  than  those  found 
in  the  Engineering  Course  here.  The  examination  in  Technics 
requires  a general  knowledge  of  a large  number  of  subjects, 
from  the  manufacture  of  common  articles,  like  rubber  and  sugar, 
to  methods  of  steam  propulsion  and  the  action  of  the  phonograph. 
The  Mathematics  do  not  exceed  the  entrance  requirements  at 
Lehigh,  and  the  Chemistry  not  more  than  that  taught  in  the  first 
term  Freshman.  For  the  fourth  subject  some  Patent  Office 
drawings  are  supplied,  and  the  applicant  is  required  to  state  the 
views  given,  the  principles  involved,  and  the  use  of  the  machine. 

In  the  three  years,  ending  June  30,  1891,  there  were  69 
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persons  who  passed  the  examination  for  the  position  of  Fourth 
Assistant,  and  of  these  44  were  appointed. 

With  this  exception  the  positions  under  consideration  do  not 
in  themselves  lead  to  any  good  independent  way  of  gaining  a 
living,  and  unless  the  applicant  intends  to  spend  his  life  in  the 
Government  service,  they  are  mainly  useful  in  allowing  plenty  of 
time  for  study  in  other  directions. 

The  applicant  for  the  position  of  Topographic  aid  in  the  Geo- 
logical Survey  is  examined  in  the  following  subjects,  which  are 
all  given  equal  weight  in  the  marking  with  the  exception  of  the 
first,  which  only  counts  half  as  much  as  any  of  the  others. 


1.  Letter  Writing. 

2.  Algebra. 

3.  Geometry. 

4.  Plane  Trigonometry. 


5.  Surveying. 

6.  Geodesy. 

7.  Astronomy. 

8.  Topographic  Drawing. 


The  examination  would  be  extremely  easy  to  anyone  well  up 
in  the  corresponding  subjects  in  the  Civil  Engineering  Course. 
The  one  securing  the  position  will  get  general  field  work,  and  for 
perhaps  a year  may  learn  enough  new  things  of  value  in  after  life, 
to  pay  him  for  the  time  spent.  The  salary  is  $720  per  year. 
In  the  two  years  ending  June  30,  1891,  there  were  26  persons 
who  passed  the  examination,  and  four  who  were  appointed. 

The  examination  for  the  position  of  Topographic  Draftsman 
is  in  the  following  subjects,  which  are  given  in  the  marking  the 
relative  weights  set  opposite  them. 

WEIGHT.  WEIGHT. 

1.  Letterwriting,  . .14.  Tracing,  . . .5 

2.  Geography,  . 25.  Scale  Drawing,  . 5 

3.  Arithmetic,  . . .26.  Contour  Construction 

and  Lettering,  . . 5 


The  requirements  in  the  first  three  subjects  are  no  more  than 
those  for  admission  here.  In  the  last  three  the  time  consumed 
is  taken  into  account,  as  well  as  accuracy  and  finish  of  the  work. 
The  whole  examination  is  limited  to  nine  consecutive  hours.  The 
work  of  the  Draftsman  is  mainly  in  enlarging  or  reducing  the 
original  field  sheets,  and  affords  little  chance  for  improvement, 
save  in  that  special  direction.  If  the  appointee  is  assigned  to  the 
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Interior  Department  he  will  receive  3900  per  year,  with  a fair 
chance  of  rising  to  31200  in  a year  or  so.  If  assigned  to  the 
War  Department  he  may  receive  3 1000  or  31200  at  the  start.  In 
the  three  years  ending  June  30,  1891,  there  were  25  who  passed 
this  examination,  and  12  who  received  appointments. 

The  applicants  for  the  position  of  Architectural  Draftsman  are 
examined  as  follows : 

WEIGHT.  WEIGHT. 

1.  Letter  Writing,  . .13.  Construction,  . . 4 

2.  Designing,  . . 5 

In  Designing,  a plan  view  of  a building  is  given  the  applicant 
and  he  is  required  to  design  a suitable  elevation,  giving  details 
of  the  stone  work,  etc.  In  Construction  he  is  required  to  com- 
pute the  stresses,  graphically,  in  a roof  truss,  and  to  design  a 
somewhat  complicated  column  to  support  the  varying  strains 
from  the  roof  to  the  foundation.  This  examination  is  held  only 
when  the  needs  of  the  service  require  it.  The  salary  is  33-00 
per  day,  with  reasonable  chanee  of  promotion  to  36.00.  In  the 
three  years  ending  June  30,  1891,  there  were  35  who  passed  this 
examination  and  six  who  were  appointed. 

The  Mechanical  Draftman’s  examination  is  in  the  following 
subjects : 

WEIGHT.  WEIGHT. 

1.  Letter  Writing,  . .14.  Shading  and  Shade,  and 

2.  Arithmetic,  . . 2 Section  Lines,  . 6 

3.  Tracing,  . . -5  5-  Mechanical  Drafting,  6 

In  the  last  subject  the  applicant  is  given  a sketch  and  descrip- 
tion of  some  piece  of  mechanism,  such  as  a new  harvester,  and  is 
required  to  make  a scale  drawing  of  the  same  in  conformity  with 
the  rules  governing  such  drawings  in  the  Patent  Office.  Most 
of  those  securing  this  position  are  assigned  to  the  Patent  Office, 
and  are  employed  in  making  drawings  of  inventions  for  the  use 
of  inventors  and  others.  The  salary  is  31000  per  year.  In  the 
three  years  ending  June  30,  1891,  there  were  21  who  passed  this 
examination  and  five  who  were  appointed. 

The  subjects  for  the  Computers’  examination  are 
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WEIGHT.  WEIGHT. 

1.  Orthography,.  . .15.  Algebra,  . . .4 

2.  Penmanship,  . . 16.  Geometry,  . . 4 

3.  Copying,  . . .17.  Logarithms,  . . 4 

4.  Letter  Writing,  .-  . 18.  Trigonometry,  . . 4 


The  questions  are  all  very  easy  as  compared  with  those  asked 
in  college  examinations.  If  the  applicant  wishes  to  try  for  a 
position  in  the  Naval  Observatory,  he  is  asked  some  additional 
questions  in  Astronomy.  They  are  no  more,  however,  than  are 
contained  in  our  course  in  Astronomy,  first  term  Senior.  If  the 
applicant  is  assigned  to  the  Treasury  he  receives  $4.00  per  day, 
if  to  either  of  the  other  departments  from  $900  to  $ 1000  per 
year.  If  in  the  Coast  or  Geologic  Survey,  he  has  a chance  of 
eventually  receiving  between  $2500  and  $3500  per  year.  In  the 
three  years  ending  June  30,  1891,  there  were  45  who  passed  this 
examination  of  whom  17  received  appointments. 

In  the  following  tables,  compiled  from  the  Civil  Service 
records,  the  foregoing  figures  and  some  additional  information  is 
collected.  Under  the  head  of  non-collegiate  are  comprised  all 
those  who  have  not  had  a University  education,  or  are  not  grad- 
uates of  a college  other  than  a business  college.  The  appoint- 
ments in  all  cases  are  those  made  from  the  corresponding  num- 
ber who  passed. 

Some  of  the  above  positions  afford  very  good  compensation 
for  the  service  rendered,  and  all  of  them  allow  plenty  of  time  for 
self-improvement.  Most  of  the  graduates  who  take  such  posi- 
tions have  this  in  view,  with  the  intention  of  eventually  striking 
out  for  themselves,  but  few  of  them  ever  voluntarily  leave  the 
service.  This  fact  is  brought  about  by  the  following  causes  : 

First.  It  is  not  often  that  a position  is  offered  to  the  employe 
which  will  immediately  pay  him  as  well  as  the  one  he  already 
has.  He  can  not  afford  to  work  for  less  than  he  has  been  re- 
ceiving, for  while  in  office  he  has  lived  up  to  the  full  extent  of 
his  income,  if  not  a little  beyond  it ; he  has  no  money  saved  up, 
and  has  lost  the  faculty  of  economizing.  The  certainty  of  his 
pay,  while  in  office,  acts  against  his  saving,  and,  then,  living  in 
Washington  is  expensive;  not  that  it  necessarily  costs  more  to 
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live  there  than  anywhere  else,  but  the  inducements  to  spend 
money  are  greater. 
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Second.  If  he  has  been  long  in  office,  the  short  hours  and 
easy  requirements  are  liable  to  enervate  him  and  make  him  unfit 
to  meet  the  sterner  demands  of  business  life. 

Third.  The  almost  absolute  security  of  his  position,  and  the 
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certainty  of  his  pay,  make  him  hesitate  to  trust  himself  to  the 
uncertain  chances  of  an  independent  business. 

For  these  reasons,  in  answer  to  the  general  question,  “ Shall 
the  college  graduate  enter  the  Civil  Service?”  I would  say,  “no.” 

E.  C.  Reynolds,  ’93. 


SOCIETIES. 

THE  ENGINEERING  SOCIETY  PRIZE  OFFER. 

The  Engineering  Society,  at  the  meeting  held  April  27,  de- 
cided to  offer  prizes  for  treatises,  which  may  be  written  during 
the  coming  Summer  and  Autumn.  Some  of  the  more  important 
rules  governing  the  contest  are  here  given  in  part. 

1.  The  treatises  may  deal  with  any  subject,  such  that  the  dis- 
cussion will  be  suitable  in  nature  for  publication  in  the  engineer- 
ing periodicals. 

2.  The  length  shall  be  between  1200  and  3500  words.  They 
shall  be  accompanied  by  drawing  or  photographs  when  necessary. 

3.  The  prizes  shall  be  ten  dollars,  five  dollars,  one  year’s  sub- 
scription to  The  Quarterly,  and  honorable  mention. 

5.  The  committee  of  judges  shall  be  Mr.  J.  S.  Siebert,  Mr.  H. 
H.  Stoek,  and  Mr.  G.  E.  Wendle. 

7.  Saturday,  October  14,  1893,  shall  be  the  latest  date  upon 
which  papers  may  be  submitted  in  competition. 

8.  The  announcement  of  the  award  shall  take  place  at  the 
annual  supper  of  the  Society. 

The  complete  rules  (giving  the  qualities  considered  in  award- 
ing prizes,  manner  of  submiting  papers,  etc.)  have  been  posted 
in  Packer  Hall. 

At  the  same  meeting  Mr.  Siebert  read  an  interesting  paper  on 
“ The  Origin  of  Weights  and  Measures,”  with  special  reference 
to  the  metric  system.  Mr.  Warman  read  a paper  on  “ The 
Measurement  of  Rainfall  and  Precipitation  at  Bethlehem.”  Mr. 
Frost,  chairman  of  the  Mechanical  Engineering  Committee,  gave 
a review  of  the  recent  mechanical  achievements. 

The  last  meeting  for  the  year  was  held  May  25.  President 
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McKenzie  read  a report  of  work  done  the  past  year.  The  report 
of  Treasurer  Peck  showed  the  Society  to  be  on  a sound  financial 
basis. 

The  following  officers  were  elected  to  serve  the  coming  year : 
President  W.  H.  Kavanaugh ; Vice-President  J.  V.  Martenis  ; 
Secretary,  W.  A.  Payne;  Treasurer,  T.  L.  Burley. 

The  Society  is  in  a flourishing  condition.  It  is  the  intention 
to  hold  meetings  oftener  during  the  coming  year,  and,  if  possible, 
arrangements  will  be  made  to  have  addresses  given  by  prominent 
alumni. 

ELECTRICAL  ENGINEERING  SOCIETY. 

A meeting  was  held  in  the  Physical  Laboratory,  April  19. 
The  first  paper  was  read  by  Mr.  Parkhurst,  ’93,  on  “Electric 
Welding.”  In  this  he  described  the  several  methods  of  welding 
in  use  at  the  present  time,  mentioning  many  interesting  points 
that  are  involved  in  this  newly  developed  art.  Mr.  Trout,  ’94, 
then  read  a paper  on  the  “ Edison  Pearl  Street  Station  in  New 
York,”  which  was  of  special  interest  to  the  Juniors. 

The  next  meeting  was  held  May  17,  in  the  Physical  Labora- 
tory, with  the  President  in  the  chair.  No  papers  were  read,  as 
the  meeting  was  given  up  entirely  to  business.  It  was  decided 
not  to  take  into  membership  all  the  Electrical  of  the  coming 
Junior  Class,  as  has  been  the  custom,  but  to  admit  only  those 
who  show  sufficient  interest  in  the  Society  to  warrant  their  mem- 
bership. It  is  hoped  this  new  move  will  not  reduce  the  number 
of  active  members  materially,  and  that  it  will  at  least  insure 
more  enthusiasm  as  a body  than  is  now  manifest. 

The  officers  elected  from  the  Junior  Class  for  the  following 
year  are:  President,  E.  A.  Grissinger;  Vice-President,  F.  G. 
Sykes;  Secretary,  J.  L.  Neufeld;  Treasurer,  E.  O.  Warner. 

A committee  was  then  formed  to  draw  up  a constitution  for 
the  Society,  the  former  one  having  been  misplaced. 


EDITORIAL. 


TTTE  announce  the  Board  of  Editors  for  1893-94  as  follows: 
VV  Barry  H.  Jones,  Chairman;  James  L.  Burley,  Secretary; 
Elwood  Grissinger,  William  S.  Maharg,  William  V.  Pettit,  Jr., 
Edwin  G.  Rust;  Fletcher  D.  Hallock,  James  E.  Brooks,  Business 
Managers. 

OUR  readers  will  note  the  omission  of  the  Index  of  Articles 
from  technical  periodicals.  Lack  of  space,  and  the  fact  that 
to  give  the  index  a degree  of  completeness,  which  would  make 
it  really  valuable,  would  require  considerable  more  space  than 
has  been  given  to  it  in  some  of  our  issues,  are  the  chief  reasons 
for  laying  it  aside.  There  is  also,  among  the  editors,  a feeling  of 
doubt  as  to  whether  the  index  is  sufficiently  used  to  justify  the 
work  put  upon  it.  The  question  of  its  continuance  next  year  is 
now  under  advisement,  and  we  would  be  glad  to  receive  from 
our  readers  expressions  of  their  opinion  on  this  point.  Com- 
munications on  this  or  any  other  subject,  should  be  addressed  to 
The  Editor,  Bethlehem. 

WE  do  not  deem  it  expedient,  in  this  number,  to  indulge  in 
our  usual  review  of  the  work  of  our  contributors ; the 
articles  can  all  speak  for  themselves,  and  need  no  special  recom- 
mendation. We  would  like  to  call  attention  to  the  fact  that  this 
issue  has  more  reading  matter,  by  twenty  per  cent.,  than  any  other 
Quarterly  yet  gotten  out,  the  space  usually  occupied  by  the 
index  being  filled  in  this  manner.  We  desire  to  express  to  our 
contributors  for  the  year  our  gratitude  for  the  excellent  articles 
which  they  have  given  us,  and  for  their  assistance  in  making  the 
magazine  what  it  is;  for  we  believe  it  not  too  much  to  claim 
that  the  Quarterly  is  entitled  to  call  itself  a first-class  technical 
college  periodical. 

WE  would  bespeak  for  our  successors  a much  more  liberal 
financial  support,  in  the  way  of  subscriptions,  than  has 
been  received  in  the  past.  The  present  year  was  entered  upon 
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with  a good  sized  debt ; we  have  brought  matters  out  square  for 
the  year,  by  some  hard  work,  but  the  debt  still  remains.  This 
must  be  removed  if  the  Quarterly  is  to  be  a successful  and 
permanent  institution,  and  we  hope  that  the  men  in  college  will 
rally  to  its  support  at  the  beginning  of  next  year.  Especially  do 
we  commend  to  the  new  Alumni  the  duty  of  showing  their 
interest  in  their  Alma  Mater  by  keeping  up  a connection  with 
her  active  life  through  this  journal.  The  editors  aim  to  publish 
what  is  of  practical  value  as  well  as  scientific  interest,  and  are 
especially  glad  to  put  on  record  the  results  of  the  experience 
and  research  of  our  Alumni. 


FOR  LEHIGH  MEN. 

This  column  will  contain,  chiefly,  such  information  in  regard  to  addresses  and  occupations  of  Alumni 
as  does  not  appear  in  the  latest  issue  of  the  Lehigh  Register.  Please  contribute. 

’78.  H.  C.  Wilson,  C.E.,  U.  S.  Engineer  Office,  Galveston,  Tex. 

’79.  R.  H.  Tucker,  Jr.,  C.E.,  Lick  Observatory,  Mt.  Hamilton,  Cal. 

’83.  G.  F.  Duck,  E.M.,  Fairmount,  W.  Va. 

’87.  E.  P.  Van  Kirk,  B.M.,  722  S.  17th  St.,  Philadelphia,  Pa. 

’88.  Edmund  Bates,  C.E.,  Bellefonte,  Pa. 

’88.  D.  L.  Mott,  C.E.,  Houlton,  Me. 

’88.  W.  L.  Wilson,  C.E.,  care  J.  I.  Miller,  West  Brownsville,  Pa. 

’89.  F.  J.  Carman,  A.C.,  1351  Q St.,  Washington,  D.  C. 

’89.  J.  S.  Kellogg,  Jr.,  A.C.,  Illinois  Steel  Co.,  South  Chicago,  111. 

’89.  A.  L.  Rogers,  M.E.,  542  Jefferson  St.,  Milwaukee,  Wis. 

’89.  J.  B.  Wright,  C.E.,  425  W.  22d  St.,  New  York  City. 

’90.  F.  R.  Fisher,  C.E.,  1845  N.  22d  St.,  Philadelphia,  Pa. 

’91.  Warden  Cresson,  M.E.,  Hazleton,  Pa. 

’91.  J.  R.  Davis,  C.E.,  Port  Jervis,  N.  Y. 

’91.  Walton  Forstall,  E.E.,  440  Dearborn  Ave.,  Chicago,  111. 

’91.  H.  M.  Knapp,  C.E.,  Hamilton  Bridge  Works,  Hamilton,  Ontario,  Can. 

’92.  W.  Y.  Brady,  C.E.,  2203  Carson  St.,  SjS.,  Pittsburg,  Pa. 

’92.  Thanlow  Gjertsen,  C.E.,  101  Highland  St.,  Cumberland,  Md. 

’92.  C.  K.  Shelby,  M.E.,  1604  Summer  St.,  Philadelphia,  Pa. 

’86.  J.  S.  Siebert,  C.E.,  Box  53,  Allentown,  Pa. 

The  Secretary  of  the  Alumni  Association,  Mr.  H.  H.  Stoek,  South  Bethlehem, 
would  like  to  know  the  addresses  of  the  following  Alumni : 

’73.  J.  P.  S.  Lawrance,  ’89.  S.  E.  Lambert, 

’88.  G.  R.  Baldwin,  ’90.  C.  E.  Fink, 

’88.  G.  P.  Dravo,  ’90.  C.  H.  Detweiler, 

’89.  H.  W.  Harley,  ’91.  J.  E.  Boatrite, 

’89.  J.  J.  Martin,  ’91.  H.  D.  Stilson. 
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AD  VER  TISEMENTS. 


L.  SCHUTTE  & CO., 

OWNERS  of  PATENTS  and  SOLE  MANUFACTURERS, 

Twelfth  and  Thompson  Sts.,  • Philadelphia,  Pa. 


THE  EXHAUST  STEAM 
INDUCTION  CONDENSER. 


THE  UNIVERSAL  DT°uubbie  INJECTOR. 

The  Most  Complete  and  Reliable  Boiler 
Feeder  Known. 


b:scxjl«ss 


OPERATED  ENTIRELY  BY  ONE  HANDLE. 

Will  LIFT  WATER  TWENTY  FEET. 
Will  TAKE  HOT  WATER  UP  TO  150© 
TEMPERATURE. 


(Send  for  Descriptive  Catalogue.) 


The 

Exhaust  Steam  Intel!  Coudenser, 

For  STEAM  ENGINES,  STEAMBOATS, 
and  PUMPS. 

Providing  its  own  Water  Supply  under  Suction. 


Using  Pressure  Water. 

THE  WATER  CHECK  IS  PERFECT. 
AUTOMATIC  and  NOISELESS. 


(Send  for  Descriptive  Catalogue.) 


CONDENSERS, 

INJECTORS, 


Syphon  Pumps,  Blowers  and  Ventilators  Air  Compressors  and  Exhausters, 

— FOE  ALL  PURPOSES. — 
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THE  EEHISH  UNIVERSITY, 

BBTHIiEHBM,  PH- 


FOUNDED  BY  ASA.  BACKER. 


'T'HE  object  of  this  Institution  is  to  give  a thorough  education  in  Civil,  Mechani- 
cal,  Mining,  and  Electrical  Engineering,  in  Chemistry,  Metallurgy,  Ar- 
chitecture, the  Classics,  and  in  General  Literature. 

Tuition  in  the  School  of  Technology,  S100  per  annum ; in  the  School  of  General 
Literature,  $60  per  annum. 


REQUIREMENTS  FOR  ADMISSION. 

Applicants  for  admission  must  be  at  least  sixteen  years  of  age,  must  present  tes- 
timonials of  good  moral  character,  and  must  satisfactorily  pass  in  the  following 
subjects : 

MATHEMATICS. 

Arithmetic,  complete,  including  the  Metric  System  ; Algebra,  through  equations 
of  the  second  degree ; Chauvenet’s  Geometry,  six  books,  (for  the  Classical  Course, 
four  books.). 

ENGLISH. 

Grammar;  Geography;  LTnited  States  History,  including  the  Constitution. 

For  admission  to  the  various  courses,  in  addition  to  the  requirements  above  given, 
the  examinations  are  as  follows : 

For  the  Courses  in  Science  and  Letters,  Civil,  Mechanical,  Electrical,  and  Mining 
Engineering,  Architecture,  and  Analytical  Chemistry : 

ELEMENTARY  PHYSICS 

For  the  Latin  Scientific  and  Classical  Courses: 

PHYSICAL  GEOGRAPHY. 

LATIN. 

Latin  Grammar ; Ciesar’s  Commentaries,  four  books ; Vergil’s  iEueid,  six  books; 
Cicero,  six  Orations,  including  the  four  against  Catiline;  translating  at  sight;  Latin 
Composition ; Roman  History. 

And  for  the  Classical  Course  only,  in 

GREEK. 

Greek  Grammar;  Xenophon’s  Anabasis,  four  books : Homer’s  Iliad,  three  books; 
translating  at  sight;  writing  Greek  with  Accents;  Greek  History. 

The  examinations  will  be  rigorous,  and  no  student  deficient  in  any  branch  will 
be  permitted  to  enter  in  full  standing. 

For  further  information  apply  to  the  President, 

Robert  A.  Lamberton,  LL.D., 

SOUTH  BETHLEHEM,  PA. 
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Preparatory  * Se^ool 

FOR 

Lehigh  University. 


References : 

R.  A.  Lamberton,  LL.D.,  President  of  Lehigh  University,  and  the  Profes- 
sors comprising  the  Faculty  of  Lehigh  University. 


Fifty-two  of  our  scholars  have  been  admitted  to  the  present  Freshman  Class  and 
368  of  them  have  been  admitted  to  the  University  since  1880. 

Attention  is  given  exclusively  to  the  requirements  for  admission  to  Lehigh 
University. 

The  Mathematics  is  in  charge  of  A.  E.  Meaker,  C.E.,  senior  instructor  of 
Mathematics  in  Lehigh  University. 

The  Physics  is  in  charge  of  H.  S.  Houskeeper,  B.A.,  senior  instructor  of 
Physics  in  Lehigh  University. 

The  other  instructors  are  graduates  of  the  University. 

Our  work  is  our  reference.  This  work  alone  has  secured  the  unanimous  endorse- 
ment of  the  University  Faculty. 

Twenty  scholars  are  admitted  as  boarders  to  the  house  of  the  Principal. 

For  catalogues  and  particulars  apply  to 

MM,  ULRICH,  Principal, 

26  New  Street,  Bethlehem,  Pa. 
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CO  TO 

MITMAN, 

THE 

Artistic  Tailor, 

Cor.  Fourth  and  New  Streets, 

SOUTH  BETHLEHEM,  PA. 


ESTABLISHED  1793.  REMODELED  1873. 


BETHLEHEM,  PA. 

MRS.  M.  B.  HOPPES,  PROP’R. 


HEATED  BY  STEAM  THROUGHOUT. 


A delightful  Mountain  Resort,  on  the  lines  of  the  L.  V.,  C.  R.  R.  of  N.  J.,  and 
P.  & R.  Railroads.  Two  hours  from  New  York.  One  and  one-half  hours  from 
Philadelphia.  Scenery  is  Picturesque.  Drives  are  Delightful.  Boating  is  Excellent. 

THE  HOTEL  IS  COMPLETE  IN  ALL  ITS  APPOINTMENTS. 

CUISINE  STRICTLY  FIRST  CLASS. 


GENTS’  FINE  HAND-MADE 

SHOES 

A SPECIALTY. 

dancincTpumps 

And  Gymnasium  Slippers  in  Full  Assortment. 

REPAIRING  PROMPTLY  AND  NEATLY  DONE. 

J.  M.  SCHNHBEL  & BRO., 

55  MAIN  STREET,  BETHLEHEM,  PA. 
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AD  VER  TISEMENTS. 


The  DEANE 

OK  HOLYOKE 

Water  Works  Engines,  Steam  Pumps, 

FOR  EVERY  DUTY. 


nCANU  CTCAM  DIIMD  PH  l Holyoke,  Mass.;  New  York,  Boston, 
UlANl  LAIiI  rUlllr  uU.l  Chicago, Philadelphia, St.Louis, Denver, 

Birmingham,  Ala. 


H.  Stanley  Goodwin,  President.  Walter  G.  Berg,  Engineer.  H.  Comer,  Superintendent. 

Hie  Let®  Valiey  Creosolii  Worts, 

OPERATED  BY 

The  Lehigh  V alley  Creosoting  (Jo., 

WORKS:  OFFICE: 

Perth  Amboy,  N.  J.  Washington  St.,  South  of  Gap,  Jersey  City,  N.  J. 


LUMBER,  PILING  and  TIES  CREOSOTED  WITH  DEAD  OIL 

OF  COAL  TAR. 

Creosoted  Lumber,  Piling  and  Ties  Furnished. 

Cylinders  80  Feet  Long.  Capacity  400,000  Feet  B.  .11.  per  Month. 

DIRECT  WATER  AND  RAIL  COMMUNICATION. 


The  report  of  the  “Committee  on  the  Preservation  of  Timber”  of  the  American  So- 
ciety of  Civil  Engineers  says  : “If  the  timber  is  to  be  exposed  in  sea  water  to  the 
attacks  of  the  teredo-navalis  and  limnoria  terebrans , there  is  but  one  antiseptic 
which  can  be  used  with  our  present  knowledge ; this  is  Creosote  or  Dead  Oil.  If  the 
timber  is  to  be  exposed  in  a very  wet  situation,  creosoting  is  also  the  best  process  to 
use.  If  the  exposure  is  to  be  that  of  a railroad  tie,  creosoting  is  doubtless  the  most 
perfect  process  to  use.” 
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PLATINOTYPES  IN  BLACK  AND  SEPIA. 


CRAYONS,  PASTELS  AND  WATER  COLORS. 


This  pen  is  specially  adapted  for 
Accountants,  Book-Keepers  and  Cor- 
respondents. It  is  made  of  the  best 
English  steel  by  the  most  experienced 
workmen. 

FOR  TRIAL,  will  send  a sample 
card,  12  PEN'S,  different  patterns, 
for  6 cents  in  stamps. 

Spencerian  Pen  Company, 

810  Broadway,  New  York. 

E.  KELLER, 

Jeweler  * and  * Optician, 

Til  Hamilton  St.,  Allentown,  Pa. 


so  TO  YOUNG  <&  SNYDER, 

Merchant  Tailors  and  Clothiers, 

70  South  Main  Street,  Bethlehem,  Pa. 
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lESTlfiM^'ME  cfl, 


Established  1846. 

IE!,s  #f  ,!™18- ,1Bt  wll!' 


F^OBIE 

Jacks 


and  CERTIFICATES  FURNISHED. 

Reports  Copied  and  Kept  Confidential. 


IRON 

FOUNDERS  works: 

st.  alfove  Master  Street 


Special  Machinery:^ 


OFFICE  AND  WORKS: 

19  North  6th  Street. 

PHILADELPHIA. 


40  Years  Experience,  the  Highest  Grade  of  Workmanship  and  Materials, 

COUPLED  WITH  CAREFUL  PERSONAL  SUPERVISION,  ARE  WHAT  MAKE 

Genuine  AltenederDrawinglnstruments  Standard. 


FOR  A CATALOGUE  ADDRESS 

Established  40  years. 

Each  instrument  is  stamped  with 
manufacturers,  name  or  trade-mark  and  warranted. 

PHILADELPHIA. 


THEO.  ALTENEDER  & SONS, 


THE  DEALER  WHO  OFFERS  YOU  SOMETHING  “jUST  AS  GOOD”  INVARIABLY  HAS  “aN 
AXE  TO  GRIND”  IN  THE  WAY  OF  LARGER  PROFITS  ON  AN  INFERIOR  ARTICLE. 


RESTORE  YOUR  EYESIGHT 

Cataracts,  scars  or  films  can  be  absorbed  and 
paralyzed  nerves  restored,  without  the  knife 
or  risk.  Diseased  eyes  or  lids  can  be  cured  by 
our  home  treatment.  “We  prove  it.”  Han. 
dreds  convinced.  Our  illustrated  pamphlet, 
‘ Home  Treatment  for  Eyes/’  free.  Don’t  miss  It. 
Everybody  wants  it.  “ The  Eye,”  Glens  Falls,  N.Y. 


John  H Hartman, 

TOBACCO  AND  CIGARS , 


Dealer  exclusively  in  Hand-Made  Cigars.. 

SMOKERS’  ARTICLES  A SPECIALTY. 

74  S.  MAIN  STREET,  - - BETHLEHEM,  PENNA. 


A.  C.  BORHEK.  BORHEK  & MIKSCH  9 L.  A.  MIKSCH. 

DEALERS  IN 

itLUMBDR,  COAL  4ND  WOOD.® 


YARD: — Main  Street,  West  Bethlehem,  Pa. 


AD  VER  TISEMENTS. 


Nothing  but  what  is  the  very  Latest  in  SHOES. 

PERSON  & RIEGEL’S 

SHOE  DEPARTMENT 

IS  UNDER  THE  MANAGEMENT  OF 

J.  R.  UBERROTH. 

Agents  for  Hanan  A.  Son,  N.  Y. 

P !S»s  « JACOBY’S 

DRUG  AND  PRESCRIPTION  STORE, 

Cor.  Fourth  and  New  Sts.,  South  Bethlehem,  Pa. 


JAMES  H.  SHERIDAN,  PHARMACIST, 

=THIRD  AND  LOCUST  STS. 
SOUTH  B6THLSHSM,  PH. 

PURE  DRUGS,  FINE  TOILET  ARTICLES,  Etc.,  Etc. 


“Dp.  *0.  Z.  ^Jonez,  ‘Denfizt, 

SOUTH  MAIN  ST.,  BETHLEHEM,  PA. 

OFFICE  HOURS  : 8 TO  12,30,  2 to  5.30. MYERS  BUILDING. 

EDWIN  G.  KLOSE.  Manager. 

BOOKS  AND  STATIONERY, 

144  and  146  South  Main  Street,  Bethlehem,  Pa. 

M.  A.  BEAHM, 

Maker  and  Dealer  in  Fine  Shoes. 

FINE  REPAIRING  A SPECIALTY. 

No.  4=0  Broad  Street,  ISetlileliem,  3r*». 


G.  BATROM,  ♦♦♦  BOOKBINDER, 

8 EAST  THIRD  ST.  (star  office.)  SOUTH  BETHLEHEM,  PA. 


Books,  Magazines,  Pamphlets,  etc.,  Bound  in  Leather,  Cloth,  or  Paper.  OLD  BOOKS  REBOUND. 

^ A TRIAL  IS  SOLICITED. ^ 


A.  GRADWOHL, 

DEALER  IN 

DRY  GOODS,  1I1S,  6IERAL  MERCHANDISE, 

FINE  GROCERIES. 

A SPECIALTY,  CATERING  TO  CLUBS. 


IX 


AD  VER  TISEMENTS. 


Hotel  Allen,  ■ Allentown,  Pa. 


HIS  HOTEL  is  entirely  new,  commanding  the  most  prominent  position  in  the  city. 
Situated  five  miles  from  the  Lehigh  University. 

RATES  $2.50  and  $3.00  PER  DAY. 

- ~^=ELEVRTOR  RND  KLL  FIRST-CLHSS  FHCILITIBS.~ — - 


The  best  equipped  Hotel  in  the  Valley  for  Banquets,  Class  Suppers,  Balls,  &c. 


^RESTAURANTS 

connected  with  this  Hotel  is  run  first-class.  Has  POOL  and  BILLIARD  ROOMS 
attached. 

JOHN  H.  HARRIS, 

Profr. 


nr?>KOCH  & SHANKWEILER 

THE  LARGEST  AND  FINEST 

CLOTHING  * and  * GENTS’  * FURNISHING  * HOUSE  * ill  * the  * VALLET. 

HOTEL  ALLEN  BUILDING,  - CENTRE  SQUARE, 

^ ALLENTOWN,  PA. ^ 

An  interesting  place  to  visit — the  great  Music  House  of 

d.  ©.  /?§Gf?baGfo,  559  ^aiQilton  Street,  /Fllentown,  pa. 

Every  known  article  belonging  to  the  music  trade. 

PIANOS  FOR  RENT.— At  reasonable  price,  by  the  Day,  Week,  Month  or  Year. 

VISIT  OUR  ESTABLISHMENT. 


THE  DAVIS  DECORATIVE  COMPANY, 
fUtam  ^ Artistic: 

NO.  20  BROAD  ST.,  BETHLEHEM,  PA. 


BROADWAY  HOUSE, 


COR.  BRODHEAD  AVENUE  AND  BROAD  STREET. 


<! 


V. 


A.  R.  Barndt,  Proprietor. 


A D VER  T1SEMENTS. 


x 


Schwartz  & Barron 


College  and  School  Text  Books.  Mathematical  Instruments  and 
Drawing  Materials.  Fine  Stationery.  Fountain  Pens.  Blank 
Books,  etc.  We  can  furnish  at  short  notice  Engraved  Visiting 
Cards. 

SCHWARTZ  & BARRON, 

Booksellers  and  Stationers, 

Cor.  Main  and  Broad  Sts.,  Bethlehem,  Pa. 


XI 


A D VER  TISEMENTS. 


For  information  and  free  Handbook  write  to 
MUNN  & CO.,  361  Broadway,  New  York. 
Oldest  bureau  for  securing  patents  in  America. 
Every  patent  taken  out  by  us  is  brought  before 
the  public  by  a notice  given  free  of  charge  in  the 

scientific  Jtmmcan 

Largest  circulation  of  any  scientific  paper  in  the 
world.  Splendidly  illustrated.  No  intelligent 
man  should  be  without  it.  Weekly.  S3. 00  a 
year;  $1.50  six  months.  Address  MUNN  & CO, 
Publishers,  301  Broadway,  New  York  City. 


L 


FINE 

nniit  cuts,  mm  # snnnroos. 

R.  R.  WELCH’S,^ 

227  Broad  St.,  Rear  P.  O.,  - South  Bethlehem,  Pa. 

Endorsed  by  the  most  fastidious.  All  work  done  at  residences  when  ordered. 


V 


V 


<* 


,.jr 


t 


Mr*  > 


THE  LEHIGH  QUARTERLY. 


THE  BETHLEHEM  IRON  CO., 

SOUTH  BETHLEHEM,  PA.,  U,  S.  A,, 

MANUFACTURERS  OF  ' * 

BESSEMER  STEEL  RAILS, 

PIG  IRON,  STEEL  BILLETS,  SLABS,  BLOOMS. 


Heavy  Steel  Shafting 

AND 

FORGINGS. 

ROBT.  P.  LINDERMAN,  Presiden  . C O.  BRUNNER,  Treasurer. 

ROBT.  H.  SAYRE,  Gen’l  Manager.  JOHN  FRITZ,  Chief  Eng’r  & Gen’l  Sup. 

ABRAHAM  S.  SCHROPP,  Seereary.  » R.  W.  DAVENPORT,  Ass’  Sup. 


^■OTJztsra-’s 

LEADING 

HAT,  CAP,  PUR  and  GENTS’  FURNISHING  HOUSE. 

GYWNHSIUM  GOODS. 

Largest  Assortment.  Latest  Styles. 

Lowest  Prices. 

MAIN  STREET \ BETHLEHEM , PA. 


TRAUTWINE’S  POCKET  BOOK. 

“Without  doubt  it  has  proved  itself  to  be  the  most  useful  hand 
book  in  the  language  for  the  engineering  profession.” — Engineering 
and  Mining  Journal,  Aug.  25,  1888. 

John  Wiley  & Sons,  New  York.  E.  & F.  N.  Spon,  London. 


TIMES  PUBLISHING  COMPANY 


Steam  Printers,  Rulers  and  Binders 


Times  Building,  Main  St. 


BETHLEHEM,  PA. 

JOS.  A.  WEAVER,  Manager 


n 

SPECIMENS  OF  OUR  WORK 


The  Lehigh  Quarterly 
’91’s,  ’92’s  and  ’93's  Epitomes 
The  Lehigh  University  Register 
The  Lehigh  Burr 


Your  Business  is  Solicited 


